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FOREWORD
A joint feasibility study for producing a combined

climatological/oceanographic atlas of the water areas of the
world was undertaken by the Naval Weather Service Com-
mand and the Naval Oceanographic Office in 1969. The
results of this feasibility study revealed a twofold increase .in
surface marine observations over the Indian Ocean basin since
Volume III of the U.S. NAVY MARINE CLIMATIC ATLAS
OF THE WORLD was published. The additional data plus
recommendations for revised content and format, provided
by various Naval Weather Service fleet units and field
activities, warranted the updating of the entire series of
marine climatic charts of the world.

The Naval Weather Service Detachment, Asheville, was
tasked to produce a technical model of the atlas providing a
sample of each type of page presentation proposed with
supporting documentation. The atlas mock-up was approved
by Headquarters, Naval Weather Service Command in 1971 as
the model for Volume I (1974) as well as for this atlas and
future volumes of this series. Volume III has followed
production of Volume I because of intense scientific interest
in the Indian Ocean Basin. Volume II, The North Pacific, will <
follow this volume in the publication sequence. C l
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PART I - METEOROLOGY

INTRODUCTION
The eight volume series of the U.S. Navy Marine Climatic

Atlas of the World has had wide acceptance as an authorita-
tive reference for large scale operational planning and applied
research. This volume, based on nearly 120 years of data
(1854-early '973), is an update of Volume III (U.S. Navy
Marine Climatic Atlas of the World, 1957) and is designed to
fulfill the same requirements. This vLlume is not, however, a
one for one revision. Some of the data presentations have
been changed and wave statistics have been added. There are
no upper air charts presented since in recent years several
comprehensive volumes of upper air data have been published
separately: (Upper Wind Statistics Charts of the Northern
Hemisphere, Volumes I and II, NAVAER 50-1C-535, 1959;
Components of the 1000 MB Winds of the Northern
Hemisphere, NAVAIR 50-1C-51, 1966; Selected Level
Heights, Temperatures and Dew Points for the Northern
Hemisphere, including Monthly Mean Wind Speed and
Direction, NAVAIR 50-1C-52, 1970; Selected Meridional
Cross Sections of Heights, Temperatures and Dew Points of
the Northern Hemisphere, NAVAIR 50-1C-59, 1971; Climate
of the Upper Air: Southern Hemisphere, Volume I, Tempera-
tures, Dpw Points, and Heights at Selected Pressure Levels,
NAVAIR 50-1C-55, 1969; Volume II, Zonal Geostiophic
Winds, NAVAIR 50-1C-56, 1971; Volume III, Vector Mean
Geostrophic Winds, NAVAIR 50-1C-57, 1971; Volume IV,
Selected Meridional Cross Sections of Temperature, Dew
Points, and Height, NAVAIR 50-1C-58, 1971).

The descriptive explanations which follow give details
concerning the quality control and processing of the observa-
tions, the development of the charts and graphs and a few
possible applications of the various charts. Also discussed are
limitations imposed by the quality of the data and the
methods adapted to help overcome them.

This Atlas is the result of a concerted and extensive effort
by many people (aided by automatic data processing equip-
ment) to present a detailed and useful ocean climatology.



T H E G E N E R AL P LAN O F elements themselves on measurements. Ships may avoid bad
weather when possible (Quayle, 1974), thus decreasing the

THE CH ARTS amount of bad-weather data; or they may slow down in foul
SThe "point statistics" of land climatology are made weather, thus taking more observations and increasing the

possible by the maintenance of weather records at fixed data sample.
locations for long periods. Such statistics are not generally Complete observations (including all elements) from tran-
available for Ocean Basins. Where the number of observations sient ships are steadily becoming more common. Ships'

is sufficient, it is possible to select areas small enough to weather logs of past decades, incomplete by today's stand-

permit an approximation to the "point statistics" of land ards, show wind direction and. speed to be the elements
stations. For this Atlas 45 such representative areas are used. almost invariably recorded. From a survey of the data
The locations are outlined on the base chart and numbered. available for this atlas, the percentage of observations

The graphs and tables computed for these areas have been containing other basic weather elements is as follows:

placed on the facing page for ready reference to the base Element Percent
chart. Air Temperature 98

Sea Temperature 92
TH E OBSERVATIONS AND Total Cloud Amount 78

Visibility 72

THEIR PROCESSING Sea Level Pressure 56
Present Weather 57

Variations in definitions, codes and units of measurements Low Cloud .'.mount 36
used by maritime nations for recording and punching marine Wet Bulb Temperature 36
observations have resulted in 18 different forms (o-" "decks") Waves 26
of punched cards available for use at the NatŽ;•nal Climatic
Center. T'hese data have been converted to a common format Because of incompatible observing or coding procedures,
and placed on magnetic tape. For a more detailed explana- many observations of total cloud amount, visibility, present
tion of the conversion procedures, the reader is referred to weather, low cloud amount, and wave data have been
the Tape Data Family-l1 (TDF-11) Reference Manual eliminated from the computations. This significantly reduced
(National Climalic Center, 1968). This tape deck was the the percentages of these elements in the above table.
primary data source for this volume. Funding for the Some peculiarities of selected elements are listed below:
development of TDF-11 was provided primarily by the Naval PRECIPITATION - Of all of the elements recorded in
Weather Service Command with supplemental support from historical marine observations, precipitation is one of those
the National Oceanic and Atmospheric Administration most subject to error in interpretation. This derives from a
(NOAA.), formerly ESSA, and the Department of Defense. number of causes such as coding practices, observers'

The data were subjected to complex quality control preference for certain present weather codes and other biases.
procedures before pricessing. First, duplicate observations SEA SURFACE TEMPERATURE - This element is
(which entered the data base from different sources) were recorded with a fairly high frequency in marine observations.
eliminated. The remaining observations were then checked The various methods of recording, however, tend to decrease
for interial consistency. Elements which failed to meet the the reliability of the individual values. Gradients and relative
internal consistency checks were either adjusted or elimi- values are considered to be reliable.
nated. The data were subjected to an extreme value check in SEA LEVEL PRESSURE - This element is one of the
which the highest and lowest values of appropriate elements least accurate because of instrument, coding and conversion
were listed and check.d. These quality controlled data have errors. To be capable of registering accurate pressure read-
been retained in a separate tape file designated as the U.S. ings, barometers used on shipboard generally require more
Navy Marine Atlas Work Tapes. frequent calibration than they receive. Despite the inac-

Regardless of the amount of quality control to which curacies of the individual readings, however, the large scale
marine observations are subjected there are many inherent patterns and gradients are relatively accurate.
problems which can be corrected in only a general way. AIR TEMPERATURE - This element is considered to be
Among these are: the difficulty in taking observations of generally reliable. However, in the tropics, aG the result of
meteorological elements from an unstable platform, different poor instrument exposure, observed temperatures on tran-
levels of observee exnerience, recording errors, variations in sient ships under sunny conditions appear consistently high.
observing and coding practices, punching errors, the scarcity This data subset influences primarily the distribution of
of observations over vast areas, and the effect of weather maximum temperatures (99th percentile) while the minimum
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elements themselves on measurements. Ships may avoid bad (1st percentile) and mean temperatures are relatively un-
weather when possible (Quayle, 1974), thus decreasing the affected.
amount of bad-weather data; or they may slow down in foul VISIBILITY - It is difficult to measure visibility at sea
weather, thus taking more observations and increasing the because of the lack of reference points. Also, some observers
data sample. report reduced visibilities at night because of darkness. The

Complete observations (including all elements) from tran- coarseness of the coding intervals, however, tends to mini-
sient ships are steadily becoming more common. Ships' mize serious biases in the summarized data.
weather logs of past decades, incomplete by today's stand- WAVE DATA - Su:table quantitative wave records are
ards, show wind direction and speed to be the elements available only since the late 1940's. This, coupled with an
almost invariably recorded. From a survey of the data apparent reluctance on the part of many observers to take
available for this atlas, the percentage of observations wave observations, particularly in the early years, leaves !
containing other basic weather elements is as follows: waves as the least often recorded element in marine observa-

tions. The estimate of wave heights is very subjective and
Element Percent depends upon the experience of the observer and the size of
Air Temperature 98 the ship from which the observation is taken. Wave heights
Sea Temperature 92 reported by most transient ships tend to be low by about
Total Cloud Amount 78 10% when compared to reference measurements. Adjustment
Visibility 72 for this apparent bias has not been made in this Atlas.
Sea Level Pressure 56 Despite the lower confidence level in the individual values
Present Weather 57 of these elements, through subjective analyses and reference
Low Cloud Amount 36 to previous studies, the means, extremes and gradients
Wet Bulb Temperature 36 presented by the isopleths are considered to be quite reliable.Waves 26

Because of incompatible observing or coding procedures,
many observations of total cloud amount, visibility, present TH ISOPLETH ANALYSES
weather, low cloud amount, and wave data have been The climatic data in this atlas are presented by isopleths
eliminaLed from the computations. This significantly reduced (lines connecting points of equal magnitude) supplemented
the percentages of these elements in the above table. by graphs and tables. The isopleth analyses were completed

Some peculiarities of selected elements arc Aisted below: cooperatively by a team of meteorologists. The basic charts
PRECIPITATION - Of all of the elements recorded in were automatically plotted from one or two degree area

historical marine observations, precipitation is one of those summaries for the entire ocean basin. As there were no Ocean
most subject to error in interpretation. This derives from a Weather Station (OWS) data for the Indian Ocean, a valuable
number of causes such as coding practices, observers' tool which was available to analysts in the North Atlantic was
preference for certain present weather codes and other bias3s. lost. Analysts made considerable use of the observation count

SEA SURFACE TEMPERATURE - This element is which was plotted with all summarized data to aid in data
recorded with a fairly high frequency in marine observations. interpretation. For the ocean ereas southward of 45°S, data
The various methods of recording, however, tend tc decrease were very sparse, thus not affording detailed analyses.
the reliability of the individual values. Gradients and relative Isopleths in these areas should be considered only as
values are considered to be reliable, presenting a 'best estimate' of the actual climatology.

SEA LEVEL PRESSURE - This element is one of the
least accurate because of instrument, coding and conversion
errors. To be capable of registering accurate pressure read- T H E G RAP H S A N D TAB L ES
ings, barometers used on shipboard generally require more
frequent calibration than they receive. Despite the inac- To supplement the isopleth analyses, graphs and tables are
curacies of the individual readings, however, the large scale presented for each representative area. The graphs and tables,
patterns and gradients are relatively accurate, in most instances, represent the objective compilation of

AIR TEMPERATURE - This element is considered to be available raw data for specified areas without regard to
generally reliable. However, in the tropics, as the result of suspected biases or inconsistencies.
poor instrument exposure, observed temperatures on tran- Since the final isopleth analyses reflects both objective and
sient ships under sunny conditions appear consistently high. subjective considerations, differences may be found when
This data subset influences primarily the distribution of comparing the graphical data for a representative area with
maximum temperatures (99th percentile) while thR minimum the analyses.



THE INDIVIDUAL AIR TEMPERATURE
The threshold value of > 200C for the isopleths of airSURFACE CHART S temperature was selected in response to requests by a number

of users who considered that relative degree of warmth to be

The legend in each chart is designed to explain data operationally significant for outside marine activity. The

content - tables, graphs and isopleths. Each legend contains mean temperature for each wind direction and calm is shown

detailed instructions on how to read the tables or graphs. The by dots in the graph opposite each direction and correspond-

following paragraphs contain additional remarks likely to be ing to the temperature scale at the bottom. Note the
of interest to those called upon to interpret the data and temperature range ahd scale may vary from area to area and
provide answers to specific operational questions.

Most of the graphs and tables allow approximation of the
empirical probability of occurrence of selected criteria. This T-H I NDEX AND TEMPERATURE
is a major factor in assessing the risk involved in operational EXTREMES
planning. For certain elements, standard deviations are given
on the graphs to provide a measure of relative variability, The The American Society of Heating and Ventilating, as early
standard deviation of these graphs is denoted by 's' and was as 1923, introduced a term called "effective temperature"
computed using the expression: which is a measure of comfort based on temperature and

humidity. This is the term we call THI (Temperzture -
Humidity Index). It has been empirically determined that a
majority of people will be uncomfortable when the index

x V2reaches 240C. THI is computed by the following equation,

= N•xI - (,;xi)2IIl adapted from one described by E. C. Thom, 1957:

L N(N-1)j

THI = 0.4 (Td + Twb) + 4.7778

where: Td - Dry Bulb Temperature (CC)
where N denotes the number of observations in the sample Twb = Wet Bulb Temperature (*C)
and xi denotes the value of the random variable X. The use of THI is in degrees Celsius
(N-i) in the denominator gives the best estimate of the
population standard deviation.

SURF ACE WINDS Isopleths of the 1% and 99% levels of air temperature have

Surface wind is the element most commonly observed and been selected to present extreme temperature conditions.
recorded. It was the element considered basic in the selection The graphs show air temperature versus wind speed. Use may
of representative areas for construction of complete fre- be made of these charts to determine the extent of
quency distributions. Wind distribution is presented by a discomfort likely because of extreme heat or cold. They may
combination of two graphic forms - the bar graph and the also be used to estimate the likelihood of superstructure
contingency table. The bar graph corresponds to the percent icing.
scale at the top of the square and gives ready reference to the Ice accretion is a complicated process that depends upon
wind direction frequency. The contingency table gives the sea conditions, temperature, wind and the size and behavior
percent frequency of each wind speed class within each of the ship. Superstructure icing can affect all ships but is
direction. By adding the totals lines at the bottom of the more dangerous for smaller vessles. Icing potential exists
graph it is possible to approximate the percent frequency of when the air temperature falls below the freezing tempera-
wind speed occurrence for selected criteria. For the example ture of sea water (usually about -2°C) with wind speed equal
graph in the legend, 71% of all winds were < 17 knots, to or greater than 11 knots. The lower the temperature and

Pers.stence statistics would be of interest in planning higher the wind speed, the greater the icing potential. Ice
operations, but these are not possible without serially accretion may become quite severe with temperatures <-9°C
complete observations from fixed points, and wind ; 34 knots.



AIR TEMPERATURE SEA SURFACE TEMPERATURE
The threshold value of > 20oC for the isopleths of a~r Sea surface temperature is recorded with fairly high

temperature was selected in response to requests by a number frequency in marine observations. The 1% and 99% isopleths
of users who considered that relative degree of warmth to be give estimates of the extremes that may be encountered at
operationally significant for outside marine activity. The any location, The graphs are simple cumulative percent
mean temperature for each wind direction and calm is shown frequency presentations. The temperature range and scale on
by dots in the graph opposite each direction and correspond. the graphs may vary from area to area and month to month.
ing to the temperature scale at the bottom. Note the Sea surface temperature can be used to estimate the
temperature range and scale may vary from area to area and approximate time a person in ordinary clothes and life
month to month. preserver may be expected to survive in the water:

T-H INDEX AND TEMPERATURE
EXTREMES Water Exhaustion or Expected Time

The American Society of Heating and Ventilating, as early Temperature Unconsciousness of Survival
as 1923, introduced a term called "effective temperature" < 00 C < 15 min < 15-45 min
which is a measure of comfort based on temperatvre and 0-5°C 15-30 min 30-90 min
humidity. This is the term we call THI (Temperature - 5-10°C 30-60 min 1-3 hrs
Humidity Index). It has been empirically determined that a 10-15°C 1-2 hrs 1-6 hrs
majority of people will be uncomfortable when the index 15.20"C 2-7 hrs 2-40 hrs
reaches 240C. THI is computed by the following equation, 20-25°C 3-12 hrs 3 to indefinite hrs
adapted from one described by E. C. Thom, 1957: > 25WC Indefinite Indefinite

THI = 0.4 (Td + Twb) + 4.7778 HUMIDITY
where: Td -f Dry Bulb Temperature (C)Twb = Wet Bulb Temperature (CC) Moisture content of the atmosphere is an element which

THI is in degrees Celsius has been recorded relatively infrequently in marine observa-

tions. The 1% and 99% dew-point temperature isopleths give
estimates of extremes of this element that may be en-
countered at any location.

The graph depicts wet bulb and relative humidity informa-
Isopleths of the 1% and 99% levels of air temperature have tion. The cumulative percent frequency of wet-bulb tempera-

been selected to present extreme temperature conditions, tures may be read from the solid line with reference to values
The graphs show air temperature versus wind speed. Use may on the scale at the top of the graph. Relative humidity may
be made of these charts to determine the extent of be read from the dashed line with reference to the scale at
discomfort likely because of extreme heat or cold. They may the bottom of the graph.
also be used to estimate the likelihood of superstructure
icing. PRECIPITATION

Ice accretion is a complicated process that depends upon
sea conditions, temperature, wind and the size and behavior Precipitation charts and graphs are intei.ded to depict the
of the ship. Superstructure icing can affect all ships but is frequency of precipitation at the time of the observation.
more dangerous for smaller vessles. Icing potential exists Based on work done in connection with Volume I (Revised)
when the air temperature falls below the freezing tempera- North Atlantic Ocean, present weather codes 20-27 (precipi.
ture of sea water (usually about -20C) with wind speed equal tation within the past hour) were counted in precipitation
to or greater than 11 knots. The lower the temperature and frequencies to correct an apparent observational bias. The
higher the wind speed, the greater the icing potential. Ice graphs show precipitation by wind direction. The percent
accretion may become quite severe with temperatures -<-9'C frequency of all observations which reported precipitation is
and wind ; 34 knots. printed in the upper right comer of each graph, The
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distribution of vrccipitation by wind direction (and calm) is graph portion of thu figure shows the percent frequency of
given by the ')ar graph. This graph is based on precipitation low cloud amount equal to or greater than 5/8 and equal to
frequency and not on wind direction frequency. The reader or greater than 7/8 for each wind direction and calm. Total
should refer to the surface wind chart if he is interested in sky obscurations are considered as 8/8 coverage for these
the wind direction and speed distribution, purposes.

No isopleths were drawn for the percent frequency of
precipitation observations reporting snow because of in-
adequate data. However, graphs for some oi the representa- CEILING AND VISIBILITY
tive areas do reflect the presence of snow. Simultaneous ceiling-visibility contingencies are presented

in isopleth and tabular form. They are designed as an aid to
situations where both vertical and horizontal visibility are the

VISI B Il ITY major items of concern. Since an "aircraft" type ceiling value

The cumulative percent freqtency of horizontal visibility is not available, the ceiling height is estimated from the

is presented by nautical mile class intervals rather than by height of low cloud (h) when the amount of low cloud (Nh)
kilometers. The percentage of horizontal visibility equal to or is greater than 4/8. Total sky obscurations are considered to

greater than 25 nautical miles can be obtained by subtracting be ceilings. If they are ground-based, they are considered to

from 100% the cumulative percent frequency at the point have a height equal to zero.

< 25 on each graph. Caution is advised, however, ir
interpreting these areas since, because of curvature of the W IND - VISIBILITY - CLOUDINESS
earth, it i6 virtually impossible to see 25 miles horizontall3
from the bridge of most ships. The supplemental table at thi This series of charts is designed to give the planner an
bottcm of the graph gives percentage of visibilities < 2 estimate of the probability of occurrence of certain signifi-
nautical miles which occurred with each wind direction and cant operational conditions. The conditions for optimum and
calm. poor carrier operations are those recommended by the users

of the earlier atlas series. Of the elements used in these
statisitics, height of low cloud ceiling has the least reliability

C LO U D CO V E R in the case of transient ship observations.
It should be noted that in both the contingency tables and

Even with the increased data base, the quality and the isopleths, the poor carrier operation conditions are
quartity of low cloud data is quite poor. The total cloud and/or situations. This means if any one of the poor
amount element does not suffer from this deficiency to so conditions of ceiling, visibility or wind speed exists, the event
great an extent. The number of observations available which is counted as poor. However, in the case of optimum
contain only total cloud amount continues to be higher than conditions it is an and situation. That is, the ceiling must be
those containing both total and low. The use of satellite data > 5000 feet and visibility • 5 nautical miles and wind 11-21
also bolsters confidence in the total cloud statistics. Cloud knots.
patterns derived from the marine observations and those
depicted by satellites show fairly close agreement (U.S.
Department of Commerce and United States Air Force, SEA LEVEL PRESSURE
1971). AND MEAN WIND

The observation count on the graphs is that of observations
containing total cloud amount. The low cloud curve on the Two sets of wind statistics are presented. The vector mean
graph is based on less data than the total cloud curve. This wind is shown by arrows (direction of flow toward the
may lead to inconsistencies where low cloud amount appears station dot with the resultant magnitude of the vector
higher than the total cloud E-mount. In all cases these were plotted at the end of the arrow). The scalar mean speed
resolved in favor of the total cloud by making the frequency without regard to direction is shown by isopleth analysis. In
curves coincide, areas of high persistence of diredtion, the magnitude of the

The cumulative percent frequency of a cloud amount mean vector should approximate the scalar mean speed.
equal to or less than the amount intersected by the curve Pressure graphs and charts are also shown.
may be read for total cloud along the solid line or low cloud
along the dashed line. The percent frequency of obscurations WAVES (<1 5 AND <2.5 METERS)
may be determined by subtracting the cumulative percent
frequency corresponding to 8/8 coverage from 100%. The bar In these analyses, the higher of the sea or swell is selected

Vill



graph portion of the figure shows the percent frequency of for summarization. If the heights are equal, the wave with the
low cloud amount equal to or greater than 5/8 and equal to longer period is selected. In order to present as broad a
or greater than 7/8 for each wind direction and calm. Total spectrum of heights and periods as practicable, two sets of
sky obscurations are considered as 8/8 coverage for these wave charts are furnished. The graphs accompanying the low
purposes. wave charts (< 1.5 and < 2.5 meters) show wave height

versus wave direction. The bar graph and the percent scale at
the top of the chart give the percent frequency of waves fromCEI LI N G A N D VISI B I LI TY each direction. Indeterminate directions are combined with

Simultaneous ceiling-visibility contingencies are presented calms. The percent frequency of wave heights (bottom scale)

in isopleth and tabular form. They are designed as an aid to may be read for each height interval and wave direction from

situations where both vertical and horizontal visibility are the the contingency table. The isopleth analyses of the percent

major items of concern. Since an "aircraft" type ceiling value frequency of heights < 1.5 and < 2.5 meters are for generally

is not available, the ceiling height is estimated from the non-hazardous sea conditions.

height of low cloud (h) when the amount of low cloud (Nh)
is greater than 4/8. Total sky obscurations are considered to W AVES (.?3.5 AND ?_6 METERS)
be ceilings. If they are ground-based, they are considered to
have a height equal to zero. Wave heights in the > 3.5 and > 6 meter range represent

increasingly hazardous conditions. Accompanying these
charts are contingency tables of wave period versus wave

WIND - VISIBILITY - CLOUDINESS height.

This series of charts is designed to give the planner an
estimate of the probability of occurrence of certain signifi- T R OP I CAL CYC L O N ES
cant operational conditions. The conditions for optimum and
poor carrier operations are those recommended by the users The tropical cyclone movement roses in this atlas are

of the earlier atlas series. Of the elements used in these reprinted from the Mariners Worldwvide Climatic Guide to

statisitics, height of low cloud ceiling has the least reliability Tropical Storms at Sea, NAVAIR 50-1C-61, 1974. The data

in the case of transient ship observations, presented here include all tropical cyclones estimated to have

It should be noted that in both the contingency tables and wind speeds greater than about 33 knots. All data are
the isopleths, the poor carrier operation conditions are combined for each 50 quadrangle. The period of record is

and/or situations. This means if any one of the poor 1854-1969 for the Southern Hemisphere; 1877-1970 for the
conditions of ceiling, visibility or wind speed exists, the event Northern Hemisphere. The reader is referred to the above

is counted as poor. However, in the case of optimum mentioned "Guide" for more detailed information.

conditions it is an and situation. That is, the ceiling must be
S5000 feet and visibility > 5 nautical miles and wind 11-21 DURATION OF DAYLIGHT

knots.
The Duration of Daylight Chart for the Northern and

Southern Hemispheres defines daylight as the period fromSEA LEVEL PRESSURE sunrise to sunset. The upper scale at the bottom of the chart
AND MEAN W I ND is for the Northern Hemisphere; the lower scale is for the

Southern Hemisphere. As an example, the daylight on July
Two sets of wind statistics are presented, The vector mean 20 of any year at 48'N is about 15 hours and 30 minutes for

wind is shown by arrows (direction of flow toward the any longitude, approximately the same amount of daylight
station dot vý. h the resultant magnitude of the vector occurs at 48°S on January 17 for any longitude. The data
plotted at the end of the arrow). The scalar mean speed source was the U.S. Naval Observatory (1945) and is accurate
without regard to direction is shown by isopleth analysis. In for the entire 20th Century. Further details may be obtained
areas of high persistence of direction, the magnitude of the from The Daylighter by the U.S. Navy Weather Research
mean vector should approximate the scalar mean speed. Facility (1960). Additional light (during twilight) may be
Pressure graphs and charts are also shown, usable for many purposes. Duration of daylight in high

latitudes (poleward of about 600) becomes increasingly

WAVES (<1.5 AND <2.5 METERS) dependent upon atmospheric conditions and refraction and
there may be some departure from the values depicted on the

In these analyses, the higher of the sea or swell is selected charts.

--7,~. . ~ .
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TIDES ICE
The information presented on the charts (types of tides, Sea Ice

typica! tide curves and tide ranges) were derived primarily

from tide tables and tables of tidal harmonic constants. Tidal The occurrence of sea ice is limited to a small region in the
information is generally adequate for the Indian Ocean southwestern part of the Indian Ocean.
except for th. region north of the Gulf of Mannar and the
western part of the head of the Bay of Bengal, the Crozet
Islands in the southwestern part of the Indian Ocean, and in Glacier Ice
the Gulfs of Carpentaria and Thailand.

The mean maximum limit of drifting glacier ice is based on
C U R R ENTS extremely sparse data derived from published sources.

The ocean current charts are compiled principally from
ship drift reports that were forwarded by the various
merchant marines to the Naval Oceanographic Office. From BIBLIO GRAPHY
these drift observations the sets and average speeds of the
prevailing currents are calculated for each 1V quadrangle. The O EANOGRAPHY
density of observations is greatest along the major shipping
lanes and therefore the reliability of the current charts is best Barlow, E. W.: The 1910 to 1935 Survey of the Currents of
in these areas. For the Indian Ocean as a whole, the data is the Indian Ocean and China Seas, Marine Observer, Vol. 12,
adequate except in the southern part where the data are No. 120, p. 153-163, 1935.
extremely sparse, and in the central part of the Bay of
Bengal. Other areas without adequate data density are: the Germany, Deutsches Hydrographisches Institut: Handbuch
North and northwest coast of Australia, in the Banda, Ceram des Indischen Ozeans (Handbook of the Indian Ocean), 2d
and Molueca Seas and off the northwest coasts of Borneo and ed. Nr. 2058, Hamburg, 1962, 358 p.
Palawan, as well as in the Gulfs of Thailand and Tonkin.

The surface currents are shown for four months which are Great Britain, Meteorological Office: Ice Chart of the
believed to be most representative of the oceans response to Southern Hemisphere, 1902-1930, January, February, and
the monsoons. The currents for the months of January and March, Marine Observer, Vol. 8, No. 85, 1931.
July represent ocean current conditions in response to the
Northeast and Southwest monsoon seasons respectively. The Great Britain, Meteorological Office: Southern Ice Reports,
April and October charts represent ocean surface conditions Marine Observer, Vols. 18-24, various pagings, 1948-1954.
during the monsoonal transition months,

Where the effect of the monsoons is strongest, e.g., Great Britain, Hydrographic Department: Admiralty Tide
Arabian Sea, Bay of Bengal, and South China Sea, the figures Tables, Vol. II, Atlantic and Indian Oceans (Including Tidal
were derived from monthly surface currpnt data. Other Stream Tables), London, 1964, 431 p.
regions of the Indian Ocean are less reoponsive to the
monsoon influences and the currents were therefore con- Heap, J. A.: Pack Ice, In: Priestley, Raymond; Adie,
structed from seasonal averages adjusted by what monthly Raymond, Jr. and Robin, G. de Q., eds., Antarctic Research.
data were availab!e to portray the specific months indicated. London: Butterworths, 1964, p. 308-317.

Variations from the directions and speeds of the indicated
prevailing currents can be expected, especially in areas where Herdman, H. F. P.: The Antarctic Pack Ice, Journal of
the currents are weak. Glaciology, Vol. 1, No. 4, p. 156-166, 1948.

Tidal currents are shown where they predominate. These
are subject to modifications of speed and direction by winds Herdman, H. F. P.: The Antarctic Pack Ice In Winter, Journal
and other nonperiodic variables, of Glaciolugy, Vol. 2, No. 13, p. 184-191, 1953.
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WAVE PERIOD AND HEIGHT
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12 hourly movements of tropical cyclone centers (wind speed estimated ?34 knots). 
M]

M ,ased Printed figure at the end of each bar represents
tiecimen speed of movement (in knots) toward the indicated

- direcion.

"1 - - iCenter moving toward lhe N had a mean speed of 5 Anlots.)
D ,irection fre &o represent percentage frequency of

2 • \ centers Itht mo-vd toward each direction. Each circle0'(;•".,,7v represent 20%.

02 / - (35% of all tropical cyclones moved toward tI,. NE.)
9 I Vector mean direction and speedi Dot indicates mean vector

t movement. Each circle equats 10 knots.

100% [,qi.-y - -(Mean vector movement of all centers was toward 75"al 7 knots.)
00% - -Statistics For this rote are based on 277 twelve hour

II I f/ ( I " movements.

(( | -50 individual storms were observed in the 5* X V area
S:\ \ \ \\.~ \0, during the period of record.

0 5 0'0 - Probability of having at least one tropical cyclone In this
60-i sn..d k-l11i area in any given year for this month is ?6%.
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32.33 a -, 0 01 01 3.4 . . * 4 23 03 0 3M.3 0 0 43 7 0 0"30.41 + . 0 0 26,20 2 11 1 a a 30.31 2 - 30.31 1 2 ÷ "0 30.14 1 3 2 . 0 33333 0 4 0
2I... 1 2 0 0 38.7 6 0 0 26.23 ' 6 4 2 0 26.24 6 0 29 4 - 26.26 5 01`7 ' io, * 2• , -
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10 12 hourly movements of tropical cyclone centers (wind speed estimated 2:3A knotsi).

11ý ne0 Printed figure at the and of each bar represents
th e an seed of movement (in knots) toward the indicated
direction.

-- =- -(Centers moving toward lt.e N had a meon speed of .5 knots.)
is

5 Direljto~lfe junc Bart represent percsintage frequency of
27centrs t ot ;moved to ward sach direction. Each crl

0 1 represents 20%.
200626 -(3.5% of all tropical cyclones moved toward the NE.)

I Vector mean directi~on and issied. Dot indicaten mean vector
ismovement. EacT iceeul 10 knots.

--- (ean vector movement Of all centers wacs toward 75atf 7 knots.)

is0% -Statistics for this rose are based on 277 twelve hour -
27 movements.

(Ii 5(%(( ( 0 50 individual storms were observed in the 5' X S' area
t6 during the period of record.

s 30 ( On Probability of having at least one tropical cyclone in this
6~te .nin~k.1.t area in any given year for this month is 26%.
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12 hourly movements of tropical cyclone centers (wind speed estimated >34 knots).
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IhI mean speed *I movement (in knots) toward the indicated
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. S - = -. (Centers moving toword te N hod a meo speed of•3knots. )

jitc•d•• Dilrection frequencyy Bars represent percentage frequency of
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"" represents 20%.
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79 I Vector mean direction and sooed, Dot indicates mean vector
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SURFACE AIR TEMPERATURE
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___________ CEILING AND VISIBILITY

Law colud ceiling -Visibility. 3
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12 hourly movements of tropical cyclone centers (wind speed estimated ?34 knots). I J
Meanseed; Printed figure at the end of each bar rep,-esents
No me-on speed of movement (in knots) toward the indicated
direction.

' - - (Centers moving toward the N had a mean speed of 5 knots,)
&D|'.ecfion ffrequenct. Bar& represent percentage Frequency of

centevs thatwvssd toward each direction, Each circleOW 12.NN•, reip~is.,,,, 20%..
! -(35% ofoal tropical cyclone# moved toward the NE,)
Vector monrn direction and speed, Dot indicates mean vector
i, m'' t, Each circle ofual, 10 knots.

t,,v*^t '" "" - -(Mean vector movestent of ail centert wos toward 
7
5at 7 knots.)

'0 - .Statistics For this rose are based on 277 twelve hour

mavements.
050 - 50 Individual storms were observed in the 5* X 5, area

\ during the period of record.

30 ; m " Probability of having a least on* tropical cyclone in thin
G.rnl ,.pf.d h.,l area in any given year for this month is 26%.

I .

* I

1*-

U, @ O- 0f7.( N

06~
o,*m" or-- !

84

I lit."...



TROPICAL CYCLONE

/22

!ill

I4

ffiio N,;.

07II 072

Vt dt'-- , .' ,C2

00 04

/ " ,. , IC-I

0 4 '

as. 47 w % ,



TROPICAL CYCLONE

1(} " 3' 3. '0 hi 4 0•) 45" 501 551 ., 5 ( 'r 701':" ,r
' I ° I 1[ ] 1 | l'j I 1-'. I"' -- "1 *1 ' . .III I I I I I [ I I

I | ? ,o.I o

'12 " w'" 12",0Q6

go%0 00 /08

I .j aso -•" .... ,(ro °ilo 0- -o 6 ~ o t'•% •{~ I't'., / % 0

0, no.

I' '. ' 00["" ,""•• I a IiIO , I ICO0 ' -- j

-- U n.011 01

liI\ NI. I . 0 -,2 04- UII i•

Of Di 9 a,08 ta

I It
(AA

II

10 10 .0\

61-12 10 -I

i1

4.5'
... .. .



MARCH

-W" -5 70 75 . 80 " 845 M Y, 101), 10 5 1 M) ") I 0' I
SL I 'ii, I I : iII +1I 1II liI 111 1"1 P " ' "'I I i ~I • AI

I _OS /

,.,'..,,..,'~ .. • (1 1

'-Hi Io--u 12 ff1QO HIs q1 - it -0 N
- 0 I /o C.l ill [/l7'' "ofIOIf.. I 04

"003 I I,
o...fl se-If 'I--I tt-fil O2-d. --W o"-j- os I o I

e/ O ass 13

-II Ii

0 7 1 0  
I070.

0,-,. .,,1 ,, NJ0, as-..0 NJ/ NJ+, + ,,, ,<0,,, .-,, --2 Do-+<, l0,. , ".0, ,-0 •0

05r t5 "o Gala t/50 l~a 41

o w0 0 9D0 0 50 90

2B adfs
1 ~13

\1 M.21 Its

12 hourly movements Of tropical Cyclone centers (wn speZsiae 34 knots).I
" I I ,HI Mean $post i Printed Figure at the end of each bar represents
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tO 2 is - - direction.

- -lese soving toward ts N hao aieae speed of 5 knets.)
I $Sar represent percentage Frequency of

c at mv I toward each direction. Each circle
277 s • Prints 20%.
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director ion a ed Dot indicates mean vector

% cenleri 11 movemet ea circle equals diet 10 knotn r le
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4 •+ 0%20% -- Statistics Icor this rose are based an 277 twelve hour

1 j, .j- 50 individual storms were observed in the 5, X 5' area\ \\k \)o \".27 during the period oa record.
j. s• 20 " - Probability of having at least one tropical cyclone in this
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SURFACE WINDS
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CEILING AND VISIBILITY
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TEMPERATURE EXTREMES AND T-H INDEX
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WIND SPEED AND AIR TEMPERATURE

WIND SPEED IV$) I WIND SPEED (9151 2 WIND SPEED (KTS) 3 WIND SPEED (KtS) 4 WIND SPEEP (KTS) WIND SPEED (xt

11A., I-C) 0-3 14-10111-t 111-24. 34 1 limp IT] C-3 34 1 TEMP I-Cl 0-3 11-10111-23 rzý+ 34 1 ft"P (-Cl 0-3 14-10111-21 22ý3ý t 34 TEAP I-C) 0-1 I.-ICIII-21 22-34. 31 TtMP "Cl 0-3 14-10111-rI2

1147 0 0 01 0 $1.37 0 -1 - 0 0 31.37 11, 34.39 . -1 - oil a 34.37 .1 .1
14m!l 34.35 0 a 1 31 3 0 0 32.33- 94.3614.116 0 0 - a 0 1 21 2 +1 a .1 1111 1 0 1 - 0 1 1 10U.33 111243 - - - 31.33 2 13 10 1 4 161 23 5 D 11 41

04i 4 81 4 10.31 3 It a 1 30-31 7 12 6 1 fil-11 4 31 -19 1 6 lei 15 3 + 30.31 41 191 a2 0 . t Bo.7_ 16J7 2 7 2 0 0 14M7 I + . Me 7
99.21 2 2 1 Ras 0 0 + 6 0 ri'll 0 Is-21 4

11-11 * t + 
0 0

0 0 0 0 a If-93 
a 

0 
-T-

94,19 2 so + I I 1 0 0 42r
11.13 0 0 11143 . + 0. tf.ra 0 0 - 0 C to.21 0 0 0 0 0 todl 0 0 0 t2.23
90.21 0 0 0 a a 10.21 0 faX 0 0 10.11 0 0 D 0 0 0 0 0

0 0 0 0 0 0 16.11 0 20;21

11.19 0 a 0 0 0 19.11 1 01 Ol 1 11 01 10.18 1 01 01 01 01 0 146'.11 0 ýO 0 0 0 16.17 0 0 0 0 0 18.18 0 a 01 1, Ol 0 0 a 14.161.17 a a (1 18.17 E- a 0 0 0 0 0 14.17 D 0 (J
$064 7703 6591 942 610

WIND SPEED 1)(781 10 WIND SPEED (KT31 I I WIND SPEED CKTS) 12 WIND SPEED IKTS) 13 WIND SPEED IKTS) 14 WIND SPEED IKT!

limp IT 1 0-8 41- 10 111 -11 0-3q. 84 1 T1;V I -C 1 0-1 4-10 111 -fI 91-34. 81 limp I -C I C-S 14-10 111 -21 U-3ý . 34 ICAP I -C 1 0-1 14-10 11 34 11.1 1 -C 1 0-1 1--10111-2122-34 31 1 TEMP I G 1 0.3 1,- 10 111-212;

0 0 ftiss 0 21 1 0 a If.33 a] - - Ol 01 3f.11 4 1 11 01 a 34.31 0
34.91 3 4 2 0 0 20.11 3 6 3 - 0 30-01 2 5 4 0 0 31.31 1 1 01 0 30-31 8 6 +
111-11 23 39 2 a a 1111,20 6 30 6 1 11,10 10 40 15 1 U 11.10 8 35 27 2 30,31 1 9 0 10,21 31 24 5
to. F7 --- -_ -A -- E _ _ _ _ __I R ___ý

s 12 2 a 0 lo"7 is 11 0 9- 6 17 -2 -9 -5 -1 -0 14.17 2 5 a 1 0 14-11 24 34 7 M17 2

0 0 -0 0 -0 9-4 16 -0 -1 -. -0 -0 2-4.11 0 2447 4 0 3 1 0 2 1 0 a
-0 6 -0 -0 -11 .13 0 0 0 0 a 11.13 0 - 0 0 a 11.93 0 a 0 0 0 14.15 + 1 0 ff-23 0 0 a

D 0 U a a 11-11 0 0 0 0 D 10.11 0 0 a 0 -0 1-0-11 a 0 a a 0 RIM 0 a a 0 HAI 0 0 011.5- 0 0 0 0 14.11 fG.21 - - 12.14-0 -0-0-0 -5-so 0 -0 -0 -a -0 0 6-0 0 -0
0 0 0, -0 -0 1-9.17 0 a 0 0 0 14,11 0 -0 -0 -0 -0 1-6-17 0 -6 -0 -6 -a -11-19 -- 6-0-0 a 0 10.17 0 0 0

14 to 0 -01- 0 01 0 14.11 1 Ol Ol a 0 01 14.15 Ol 01 0 U 0 111.0 1 0 0 0 0 a11.11 1- 01RO IS-13 01 01 01 01 01 Of (If 0 0 a 01
503 2B4 042 603 1052

NINO SPEED IKTSI 19 WIND SPEED IKtSI 2 0 WIND SPEED (KTBI 2 1 WIND SPEED IKTS) 22 WIND SPEED (KT5J 2 3 WIND SPEED (KtS

l1w I-C) 0.3 1-.10111-13111-13 . 14 1 limp I-Cl 0-314-10111-1199-23ýk34 1 TIMP I -C 1 0-1 14-10111-2122-3ý - 31 1 TIM- I -C) 0.3 Tim' 00 0-3 1-10 11-2111-33 . 34 ?1-' 0-2 '-is 11-ti 22

81.113 1446 0 0 - 0 01 32.31 01 41 0. a 0 32.33
1 5 4 1 0 31,11 0 1 -1 0 0 00.31 1 21 2 0 D 30-31 -9 -1 30.31 -0 -0 ff.11 -1

20.11 3 21 25 0 0 30,21 11 ts.19 2 15 13 2 0 12.21 6 25 to 1 0 16.29 2 3 0 047
H.17 3 18 -0 -0 -1.4. 2 16 28 2 0 96 -f? 2 _10 9 fi727 3 Ii 13.-L 0 16.117 S 18 12 2 Mis 2 11 19
f4*25 -0 -0 1-9 47 1 =5 -27 -3 t4.tl - 4 4 1 0 2441 -0 1-4 1 f 6 -a -20 -15 -3 -0 1 9 24

-- ý -- a - - - - - - - - _. 1 3 0 ittf) ----
1441 0 1 2 + 0 If.13 0 0 0 0 0 22-ts -- !1 --- ý --- ý -(1 -- ý 92-11 1 2 3 1 -0 -201ti , -- ! 2 -

0 + 0 0 0 9041 0 a 0 0 0 90.21 0. 0 0 0 0. 1041 0 0 + 0. 0, 19,18 0 a 0

11-19 0 0 0 0 18,11 a U 0 0 0 10.14 0 0 0 0 16.12 a 0 0 a 0 .17 a a a
16,17 0 0 a 0 a 11,10 0 0 0 -0 -a 14,17 D U -0-0-0 16.11 0 -0-0- 0 16.17 0 a 0 0 a

i:j!
C 0 a a 0 Of 0( Ol L4.16 __.q __q 0 0 a 14.16

j4 
14.0 01 61 Ot 01 0

01 0 Is.w 01 01 01 01 a 12.12 

0 0 10.11

7D7 ý-- -- - - H1,11 -H-10-1`01
JOB 725 503 244 862

WIND SPEED (Kfal 2 8 WIND SPEED IKTS) 2 9 WIND SPEED IKTS) 30 NINO SPEED (KTSI 3 1 WIND SPEED IKTS) 32 WIND SPEED (KT5

TIMP I-C) 0-1 4-10111-ti it-24.u l 71HP I.Cl 0-3 4-10111-111tt-348 14 tI1W I-Cl 0-3 11-10 24 ICHP I-Cl 0-3 1.-10111-202-13 -34 ?CA, (.C 1 0.3 14-10111-21 U-33 . 34 limp [K) 0-3 1 4.10111-1112-

is-to . + 01 at 20.31 0 0 0 ff.23 . 0 1 0 0 10.21 +1 01 0 0 rim 0 +1 - 0 0 fQzI . +
14.17 . 1 0 . 0 fQ.fI 2 9 -i -2 -0 It'll 01 11 4 -IZ,13 -0 1 1 - 0 . 41 6
14.16 1 a 3 - 10.17 1 2 . I s.To` 6 22 1? 5 0 16.17 11 61 [a 9 1 Mel 1 4 3 - - 16.31 1 121 17
12-13 3 13 10 0 1 t4,1T 2 -6 7 3 11.17 1 9 to 14.15 2 101 1.1 -7 -2 -1 F 1-0 2 14.16

-3 11 -10 4 -1 -1 r W -2 -14-1-1-7 -1 14.19 1 2 2 2 - __.L ---
6 60 3 2 16.17 2 16 13 4 1 12.13

11-19 1 3 3 3 2 f0-11 -1 -8 -14 -6 -1 12.13 0 a 0 -D a 14.16 1 8 6 4 -- 1 10.11 0
11.17 11.19 . 2 3 1 1 10.11 0 0 a D a 0 111.13 1 -2-1

6.7 D 10.11 1.7
It -J

14,10 -- C 1-1.17 -0 -0 -0 -0 -- 1 - 6.9 0 0 0. 0. 0. 0 0 a 0 0 0 0 0. a 0 0 0 0
0 01 0

It ,6 01 0 0
1 0 0 01 01 al 01 0 0 a 471 11 al 0 oil

a 0 0 Q a 14,16 0 a a 0 0 4.1 D 0 a] al a[ - 4.6 0 0 a 0 0 0.1 -0 0 4,9 0 0
10.11 0 0 0 0 a Is is a It r7-E:Z1 2 01 01 0 0 - 2.2 a 0 0 0 2 a 0 0 0 f.3 0 0

IS or 01 oij . . 0 D D
2147 954 256 438 795

WIND SPEED IKTS) 37 WIND 8FE10 IMTS) 3 8 WIND SPEED (KTS) 3 9 WIND SPEED (KTSI 40 WIND SPEED (KTS) 4 1 WIND SPEED (KT5,

limp 1.0 0.3 14-10111-fill-14134 1 limp I-C, 0-3 4. 10111-2 11ti-24. 34 tt.p I-Cl 0-3 14-10111-1111-34, 34 1 TCW I-C, 0-1 4-10111-21111-34 34 limp .- C I V-1 4.1011141122-3ý- 34 fl"F 001 0-3 .- to It-21 22 1

0 -1 1 0 0 19.10 a 01 - -1 - 11.13 01 -1 1 31 1 10.11 0 21 2 511 11.19 0 01 a 14.16 0 0 2
18.19 11.11 2 41 8 4 3 10.11 01 31 7 71 21 4.1 0 3
Is a 1 3 2 1 lias 1 6 16 10 4 21 51 13 71 2 6.7 2 14 5 2 0
14,15 . 2 5 4 2 itals 0 3. 9 7 ? 4-1 1 41 11 8 2 116 2 11.13 1 13 20 9 1 1.5 0 4 10
11.13 2 5 a 7 3 10.11 . 2 5 4 8 4@11 . f3 6 3 213 3 5 2 9 10-11 1 5 5 5 1 B.7 0 -1' a--- T 2 0 1 2 1 2 0 1 + 0-1 0 0 0 0 0 -2 1 Q .'s 0 0 0 110-11 1 4 -6 E.3 + --i- - --

1-2 1 4 a 6 2 0.7 0 0 - 0 - 0.1 0 0 0 0 0 -2-1 a 0 0 -L -ý 0 0 a r
0 0 -0 0 0 -0 -0 --- 0-0 -- a 0 0 0 a a 0 0 0 C2 3 5 1

4.9 a a 1 0 1 8.3 0 a a 0 6R ý - 5i 01 n 0 0 5- 1-39.1 0 0 0 0 o 0.1 1 D 10 0 0 0 0 4- 01 0 0 0 a 0.1 0 00 0 --- 1- -00.1 1 01 01 -1-1 '1 0 0 D 0 D 0 0, 0 P
597 427 246 Be 234

Graph represent the objective compilation of available data for specified areas withOL
The Isoplost analyses (opposite page) are based on all available data subjectively adil



:RATURE MAY

WIND•[ SPEED (NIS) 4MIND SPEED [KTS] i5 WND SPEED (KTS) 6 I|ND SPEED ((TB) 7 WIND SPEED IKT$) WIND SPEED IKTS) 9
11 1.0IC D-3- .ý- 410 1111 -211- 22-33,3 1 1'IC - 1-01-1233 3 1P0 031-01412+ 41$M 11 031-1119 2-4. .I fh T - -0112113 4 IPI- 031-01-1 1-4 3

S3.0 . .1 - 0 43 .1 o1 , a 0 .3.3 o ,4,31 o . 0 $4o 0,1 o1 .1 0 2.31 + o 0
32.33" 1 3 31- O 0 1 3 .33 11 21 2 + 0 34.36, <+ ;, +1 0 $4.29 , 0 0 1+,+ 'I * ', - + <.1 0 010..•' 2I 13t 10t L 1o+ 0-11 -3 _6 1 , 41 2 1 0 ,,,2--3-- 1 2 1 . 0 -0.3, 1J 4-+;!;- 1 2

2-1 1 9 1 M R 6 B 1 33.1 4 1 o 6 22 1 33 <8 30P-31 6 14 3 -

242 2*e' 7 2 0 01 M V 4+ +7 Io + $3 2 20 7. 33 14 - 1 ' t e.27 11 4 7 2 Mo-o~z 171 371
+ ,i 0 ÷ 0 0 14111 0 * i 0 21,37 1 4 2 1 215*27 1" ,4 3• 1 t 4d1 , l 0 if~l ev 0 2 + 0

-22.2) '-- 0 0 0 21.13-- 0 a -0 0l 2.45+ + + VJ M' "e. . " + + e++ o 4.. 1*
aO2 0 ( 0 ( 0 25 2,21 0 0 01 0. 0. e.93 + 0 0 2t.23 +] ÷ 0J 2 0, 0;" 0 0, Mlll ÷ +

I1.10 "f( 0 I~• ( 0 0 O 0 20.el 0 n a3 .0 .a ?.I 1 O 0 0 0 I l l L @ 0 0 *l 0 a• 0 0

947 610 7341 741g 4763 659@

NINO SPEEO IKt5) 13 W IND SPEED (KTSJ 1 4 WIND SPEED (NTS) 1 5 WIND SPEED (KTS) 6 WIMNDI SPEED INTO) I 7 WIND SPEED (KTO) 18

3r.3 4 01 1 01 a 0 0 jz,)+ 3 3t3 0i0 0 •l) 0 1O + al 0 30)l01 * 31• . 01 $0.3 .J + I
3 0 3 2 6 1 4 1 0 1 0 -- 3 1 1 0 0 1 0 .3 1 a 6 - + 0 a o • 3 0.3 2 2 0 0 2 0 ,.2 1 + 2' 2 • • J 1

-r eas 303 7 9 0 "-0" "ll~to 31 24 5J 0 0 Mt.o 2 14; IS H.27l,? I 1 I . "-"T J i 161 3"7 13 +

742 a I . ."047 4 6 "3 1 0 24.19 •1 (0 O "0 0 14.15 . 2 2 1 U 22.13 0 "0 1 1 . tra 0ll L 0 + *

-1 ( 0 19 1 0 0 0 0 2 ' 0 .1 ao e 0 0 a 0 2D .f l I J O 0 DO l 0 O ! 0] 11 0 a O• 0 30 "a 0
It 0 --. a 0 0 0 0.21g *.; 0 161 0 ] 0 ,J 0 0 aI 0 1,n, 1 0 0 001 01 OU @ 0 0 0a
1.7 0 0 -0 0 0 11 0 0 0 0] 11111"1 ' 0 0 0] 0 I1,-'7 o 0 aI a 6 14+ Is , i r"0 14.16 0 0| 0 0 0

i O 5- 0 --- A0 0 a : 1 1 14,) 01 0 01 D 0 1,5 0 It16 --- O •13 " 0 0 0[ 0 0 It 131 !.i (1 a a 0

12o a o a a 0e. i O L fl I tn 1 o 0 10.1 1 a o .0 at a! o a• 0I 0O 0 a
603 1062 438 450 666 491

WMINO SED P [0fKTS) 22 NINO SPEED (KISl 2 WIND SPEED IKTS) 24 WING3 SPEED3 (KTS) 25 WIND SPEED (KTS•) 2 6 WIND SPEED1 (KTS) 2 7

52.33 F0 31-01 0 01 32....3 01 01 01 _ _ .,31 1 .. o I o az 01 242 01 21 2 HAS* + "+ +' 01 0 20,11 . 0. 01o
30: t'-.31 1~ 9 1 4 01 3D..,31 .• + . 0 M1201 + I , +i -. ft4 41 17 + 15 0 262 7.7 2 1

+k, T @ '- IZ 4 3 1 0 "1.l1 1 3 5_ 1 I tO.9l 51 18 201 4 14.16 1 6 a 1 0 24A1i . aS aI .
1111 3_, 2 , •is 12 2 0 24.96 2 11 is 8; , 1442 . 2 e8 '- " "" Mio 14 2-7 6 0 21.,, 4 24 23 7 0

2t21 0 " 0 a3 0 22,23 |1 2 3 1 a t0.21. 1 2 1 - 14.,11 0 0 0 'O -5i~l 0 0 .1 ::El 0 a• )#.i I

202 0 0 1 0 202 - 0oe VI 191 * D a 12.13 0 0 0I O 0 a I1,.1 0 - |1 0i 0 16.1? 0 0l a• a

5 -1 0 -0 0 -a -0 1.17 Gi 0 0 0 0 14,1 -0o 0 Uo 0 "0ae1.1s 0 a ]_o o ,+ o o 01 0 F

244 852 BOB 20S 591 490

WIND SPEED IKTS; 3 1 WIND SPEED (KTSI 32 WIND SPEED [(KTS) 33 WIND SPEED IKT6) 34 WIND SPEED tKTS) 36 WIND SPEED IKTS) 3 6

0• , 1lO_ 4 • 12,I3 0 l1 1 + 0 14.1o + +4 t 2I@,l 1 5 101 2 1 tadl . 4 6l 21 18,1'7 0 2 4 2+ 1
J9.17 11 __is I toll] 1 41 3 1-1 1 1+ i 2 17I 0 lt 3 13 20 9 , 1 1 1 2 18e -L3 --AII,, l 4 2 4
14.1 2,. 10,• .17 1 5l 12 4 1 14,11 2 11 13 S 1 0t .._.__ 1 .7 13 A 1 16.1 2 10 11. 7J 1 1,.3 1 6 li .1 3
11lt.13 2 5 6 J3 z to810 2 161 _3 .. ± __ 1.13 1 I1 1 1! + Ill Ie -. 101 1+ @l 4 11 41 2

0,1 1 1 - 2 0 14.19 1 0 5 4 1' ' 01 |O 0i 1,+ 12,1 IT .G .G .0 0 12.13 0 = 0 0 0.1 1 3 15 4 1

• e tO O 1 la 0 1J 2 1 8.2n 0 a 0 *10.11 0 @0 19O i,11 0 0 T7 0 . + 2 1J 2

4.7 O 0O 0 U ~ a 0" .0 1 0 0, i 0. 0 6. 1 .0 01O O 0 0.? 0 0 0 .0 a $4 a *
' 7.I tt-00 0' O O S? 0 O 0 0 a- • -0 0 :-• - 41 0 0 0 L 041 0 0 @ ( 0,I 0 0 0 0

439 "736 2000 "751 452 567

WIlND SPEED lKT5) 40 WND SPEED (KTS) 4 WND SPEED (KTS) 42r¢ WID PEED (KTSI43444

01 il 0 01 -1 01 0 1 5 01 01 2 21 01 14.11 0 11 1 01 1
.1 2 14 5 2, itllu . 5, 13 3 "3 10.1 0 0I 3 I0.11 1 10 10 a. a
-.A I if 2 1,-.,1, 1 13 2, 9 1 1. 0 - o 10, 2 ,.9 1 6 10 , 9. 3 IN'SUFFIC~IENT INSUFFICIENT

07-0-0[- a-o---- 0 o .1 0 + 2= " .5 o 0 1 0 4.6 a o "o 0 0 A AD Ta 6. 6 0 , o 1 0 I' -a0 o 0 0 I-- 's- 0 o 0 0
( 0 '4,9 0 a 0 0 0 . 0 a • a' 6 - 0 0,] 0 0 0 0 0

0 a o 0 a ;' 0 a 0 0 0a 0 0 0 -r..- 0 a3 0
0 1 0 0 0 0 #1 o~ - 0 0 a] a0 0 a4 -0 4 0

be 234 17?0 155

ivo compilation of available data for specified areas without regard to suspected biases. J

sit* page) are based on allovollablo data subjectively adjusted where blto was evident. 119
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SEA SURFACE TEMPERATURE
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CEILING AND VISIBILITY
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12 hourly movements of tropical cyclone centers [wind speed estimated :>34 knots).

Mean spend Printed figure at the end of each bar represents I
"tir mean speed of movement (in knots) toward the indicated
direction

"I- (Centers moving toward the N had a mean speed of 5 knots.)

5 Direction fre uenc Bars represent percentage frequency of

" -a represents 20%.

II '-(435% of afi tropical cyclones moved toward the NE.)

I Vector mean direction and speed: Dot indicates mean vector
M ,ovement. Each circle equals 10 knots.

Fsnas'pt - -(Mean vector morement of all centers was toward 75*at 7 knots.).
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40% 0% _--Statistics for this rose are based on 277 twelve hour
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- 50 individual storms were observed in the 5° X 5Y area
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12 hourly movements oF tropical cyclone centers (wind speed estimated ý34 knots).

Moo spooe: Printed Figure at the end of each bar represents
the mean speed of movement (in knott) toward the indicated
direction.

•- - • - - (Centers moving toward tAs N had a mm speed of S knots.)

"I•"• Direction Ire oenc, Bars represent percentage frequency of
at,-ov- r toward each direction. Each circle

( r'� �7\r presents 20%.

* 02d t ~ -35% of all tropical cydclne mov'ed toward tHes NE-)
I Vector mean direction and seed, Doat indicates mean vector
\ movement. Each circle equals 10 knots.

AI II..,s".vI -lMean veitor movement of all centers was toward 73'at 7 knotl.)
1 40 -- Statistics for this rose are based on 277 twelve hour

- 50 individual storms were observed in the 5* X 5" area
S\ \\ \ P during Ihe period of record.

30 20 ' - Probability of having oi least one tropical cyclone In this
1t.. ... p..d fi-1. area in any given ye-3r for this month is 26%.
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WIND SPEED AND AIR TEMPERATURE

W [NO SPEED IKTSI WIND SPEED (Otis) 2 NINO SPELD IKTS) WIND SPEED (KT51 4 WIND SPEED (ATSI WIND EPLED [KtSl

112-31 3. TI.P .- CO 0-3 14-10111-21f2-3JI3. 1 TC.I IV.) C-3 - 10 11-2122-33 a 34 CHI I-C) 11:ý, I-C, 0 -314 10 1 1 21122-3,:
TEMP M 1 0-3 1-1011 1-21122-3j. 3. tC.P I-C, 0-3 4.10111-21 4 0-3 1.10111-21 22-331. 31 1 3,:

38.31 0 -. 0 011 35.31 + .1 0 U.311 a 0 01 01 11-11 0 _34.35 0 + 0 01 0 36.37 01 + I OA

36.37 . . + a a 
0 11 2 1 a I

0 34SIS + G 1 3?.33 A 1Z.33 34.36
34.36 1 + 0 32.33 1 2 30.31 1 4 14 7 1 30.31 + 41 1(. 61 - 32-33 24 3 0 30.31 3 13 9 1 24.29 2 13 32 6 211.29J12 il To --ts -2 -8 28 24 81 40 1 1 0 30.33 -9
30.31 5 18 13 2 24.29 5 24 1 i -3 16.27 1 6 20 9 2647 0 1 2 2 6.27 0 2-1.29 -3 -ý-O 21 6.
24.28 5 23 17 2 - 2-41 1 6 1 t4,76 0 0 ZB.27
26 1 1 3 2 + 0. 21.26 - 1 22.23 a V-0 -a -0 tZ.23 0. 0. 0. 0 0 2- 2 * 23 -a U - 0 2-4,25
24 0 tz.rj 0 20.21 a a a a I) Coal 01 at 01 a 0 20.21 0 0 0 0 22.23 0 -0
22-11 . + 0 ?0.21 - 0 0 0 0 16.11 1 01 01 0 0 18.11 0 0 20.21 0 0 01 01 01 11 0 G G D 0ý
29-21 0 2 0 Oý 0 18.19 01 01 Ot--Of 0 0 0 16.17 a 16.11 -ýq 0 0 19.10

0 0 0 0 0 14.15 --- - '--6 - --- g --18.11 0 ±0 _[::D G 14.15 0 0 0 11.11 1 01 G I G& Or
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WIND SPEED (KTS) 0 WIND SPEED (KTSI I I WIND SPEED (KTSI I ;? WIND SPEED (KTSI 13 WIND SPEED MS) 14 WIND SPEED (ITS]

it I oc, 0-3 4-10111-21122-33 14 TOP 11C 1 0-3 1 4-10111-2122-)ý - 34 1 TEHF C-C) 0-3 11-101114122-34,341 TERI I -C 1 0-3 4-10111-21122-3)1. 1. If.' I -C 1 0-3 14-10111-2122-34 3. 1 TETI 110 0-3 1- 4 14322-3ý

J12.33 . 11 - 0 0 10-31 0 a 01 01 32.33 -1 -1 0 01 01 3f.3F . H .1 01 a SIM -1 11 - 0 0 34.35 .1 at 0 0
""' 3 21 0 0 0 28.29 0 7 10 - 0 30.31 1 5 2 0 01 3C,11 1 4 30:31 41 71 2 -1 0 32,33 4 - 0

23 331 5 - 0 24147 . 28 4-2 -1 -0 -2649 10 42 12 * 2, - - -- L
3ý 23 1 0 29 19 33 8 1 30.31

26.27 9 191 3 0 a 2445 0 A 5 - 0 2A.f7 3 15 5 1 + 26.27 2 10 8 2 26,27 4 1 1 4 2 U 98,19 21 32 4
1,25 a 21 a a If .23 a a C) E) a 24.tl 2 0 21.25 0 1 1 + 24.26 20.27 7 11 2 0
22.23 20.21 -5 -0-1-0 -6 -0 22.23 0 . -2 22.23 0 0 a a a 22.23 0 0 -4.26 1 1 0 0

-20." 0 14.19 G 01 0 a 0 201t, - 0 0 0 0 110.21 0 0 0 a 0 20.21 0 0 0 0 0 ft .23 0 0 0 0
1 -19 -0 0 a 0 a 16.17 0 0 0 a 0 18.11 a 0 D- 0 0 0 0 0 -0 -0 - 1 0 a a a a 20-?l Q a 6 0
18.17 0 0 U 14.16 0 0 o 14117 19,17
11 .- - --- 12 ---

11 0 0 0 0 0 0 0 0 16.17 G 0 0 0 6 1-9 -0

4.15 a GHO 0 0 12.13 1 0 140 =01 0 0 14 as a 0- a 00 14.16 0 0 U 0 0 14.15 0 0 0 a 0 16.17 - 0 q -b11 .13 0 01 [11 Q Q ID.11 0 19.13 1 01 qj 1405 1 0 DO oil
1 1 .13 0 71-5 1-0 1 -13 1 Ol 01 01 a at -6- n- 0 a --- L2 I a]

470 212 1 000 S U 1248
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TEMI I Ic 1 0.3 14-10111-ti22-3q.34 I TEMP I -C 11 -3 4-10 11-2122-33 & 34 TIMP 11C 1 0-3 1 .- to 1. 1-2122-33 A 34 U.' 0C) 0-3 4-10111-21122-3ý 31 TCýI M I 0.3 J.-I0111-2122-+ 34 1 tE.I PCI 0.3

32.33 0 0_2 30.31 0 1 1 a a 30,11
30,31 2 2 0 0 20.29 . 4 6 2 0 28.22 1 5 101 1 0 30.3, -1 3 -i U 0 21.29 + I I 1 0 0 16,27 1 1 1 ol

MCI 9 26.27 2 18 42 6 + 2"7 1 15 38 8 0 21.21 1 22 18 2 0 26.27 3 9 6 t4 .25 ]a 11 ý
26.27 2 22 41 3 24 4% + 4 11 2 0 24.26 a s 5 2 a 21,27 Z 16 23 4 0 21.25 7 23 12 3 ?2.?3 2 11 26 8
It 46 0 5 1 2 2 22.23 0 - 3 0 0 22.23 a 0 1 0 U 24.16 3 1 1 1 U 22.23 5 15 8 3 90.21 1 6 )a 6
22.23 0 0 0 0 0 20 21 0 0 0 0 0 20.21 0 0 + 0 0 112.13 0 j 0 0 0 20.21 1 1 + + 11.11
10,il a a a 6--0 1- 0 -19 -0 -a -0 -0 -a 11.12 0 -a -01 -a a 20.21 0 0 0 0 0 18iji 0 0 1-0.17 0 -!1
11-11 6 -a -a 10.17 0 0 0 Di Oi 16.17 a 0 0 0 a 0 11 0 0 0 15.17 0 0 0 0 0 14.16 0 0 0 0
16.17 0 a 0 0 0 0I a; a !203

0 . 11-15 ___a 0 0-2 --- 0 -- !i __q
__!4.11 1 01 01 0 0 0 19, __" O 0] 12.13 1 DO 0 0 0 a 14 - 12.13 0 0 0 0 0 50.11 0 0 0 0

0 0 01--O-k-oý-O : ýO., 1 -0 0 -5 -0-0MO. G 0 0 0 01 MOO E E12.13 1.4 a a 0 012.13 1 01 01 01 10.11 1 G I I _ _
237 624 438 194 904 5

WIND SPEED (KTS) 2 8 WIND SPEED (KT51 2 9 WIND SPEED (KTS) 30 WIND SPEED (KTS) 3 1 WIND SPEED (KT5) 3 2 WIND SPEED (KTS) 3

'CHI 00 0-3 14-IDIII-2111-31 .34 TE.F I-C, 0-3 -- 10111-21122-+ 3. TCOTI M, 0-3 1-10!II-IIIIZZ-34.34 TENP M) 0-3 1 1-10111-11 21-34 . 34 1 TEO' I-C) 0-3 11-10111-2122-331.34 1 TLHP MI 0.3 1 4-10 111-21122.33

26.27 0 0 re.99 a -1 at at - MCI a it I * 0 MITI . at . 0 a ??.23 _0 0 01 2jt2i + at .1 +
21.2t I I I I - 20.17 . +1 -1 .- 0 16.19 1 81 17 4 - 16.17 . 21 4 411 20.21 0 1 1 + a il*iq + + I I I
22.23 2 8 12 5 1 24.25 1 21 31 1 18.17 4 14 17 7 1 14-15 1 S 17 1311 ID.11 5 1 16.1') 1 6 1

_310 11 __I _L3 _17 1 2 It.23 13 6 14.16 + 5 14 8 1 jZA3 1 8 11 121 4 1647 2 6 1..IS 2 11 is

-- L 29.21 2 -L3 -L6 --. E 12.13 0 . 2 0 a 10.11 0 . 2 3 .- to 1 10 10 7 17.11 2 8 10 4
1 18.19 1 7 11 2 10.-Il 0 0 0 -2 0 soll a avo I -1 - 12.33 1 2 4 3 2 10.11 1 . 2 3 1

14.15 0 + . 16.11 2 1 a B.11 o- 0 0 0-----2. 8.7 0 10.11 0 0 + . . 0 0 + .-
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8.7 a 0 a 0 0 0 a D

0 0 0 UE8 -A 0 0 0
4.7 01 a 0 U 5-9 1 0 0 0 0 0 f.-I 0 0 f- I - I I + 2.

2279 764 226 619 752

WIND SPEED (KTSI 3 7 WIND SPEED (KISI 3 8 WIND SPEED (HIS) 3 9 WIND SPEED (HIS) 40 WING SPEED IKTSI 4 1 WIND SPEED IKTS1 4

tE.F IKI 0-1 14-10111-9112t-33 .3- 1 ICHF I-C) 0-3 14-10 11-ZlItz-3ý. I, it., oc, 0.3 1 TE., 0-3 14-10111-2122-3ý 3. tg", ,c 1 0-3 TIHI 0C 1 0-3 14-10111-2122-331,
10.11 at a + a 111.17 0 1 2 3 -2 12.13 at a 0 2 14.1b

0 1 1 12 Il- 1 0 C) 11 a 0 01 2 01
01 3 3 1 14as '7 9 5 10.11 .1 . '2 a 6 1 4 16 11 1 1411S 0 3_ _A 0 12.13 a 1 7 21

14 2 5 5 1 1 15, 5.9 1 12 91 61 4.5 0 4 14 5 5 12.13 * 7 7 10.11 2 4 24 10
11.13 0 2 10 5 2 10.11 1 2 7 0 6 f.7 2 3 7 2wý 0 -3 8 a 0 10.11 1 9 13 5 2 a 1210.11 1 3 11 6 3 8-9 1 -± -± 4 so -t 2 3 0.1 0 0 0 0 a 8.9 . 6 8. 5 - 8.7 1 0 71 2+--

111 - a 5 3 6.7 0 - 1 3 + t.3 0 a 2 3 1 4-1 a -0 -0 C) I., a I a -+ -a - .- 5 -a

0 0 D 0
8,7 1 4 5 2 0 0 0 + + 

4 
1.5 0 0 0 2.3 0 0 a I

I 1 0 0 a 0 0 0 a G 0 0 0 a a 0-1 a a 0

___q - 0 . -- - -- ---- A --- 2 - - -
___q OL-01 a I. .- aj 01 0 0 0 0 0 0 0 0 a -10-11 0 0 0 0 __Q 01 0 0 0 -41-9 

-,--1 0 0 0 a A.-I 0 0 0 0 0 0.1 0 0 -2.-1 0 a 0 11
ol 01 at Oj -4-3 1 ul 0 0 a a a "' I GI 0 -a - 0 -5 -a 0 a-- o L-17 G A a -ýU)0 0 0623 606 260 '76 259 1
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34. . . o .3. o o o .D ,, o 0,: 343 D .. t +~ i 0 343 0, 0 34D ., .+. 0 3.3 ol
37.33, 323 0; 34 ,.•• I 2 6 o .3,6 R, 33 1P'+ " R.3 34 Jb:i 01 Di I ,2, •
30.31 - 4 14-• - "- '7 ' 30.'31 4 16 6 32.33 - 2 31 * . 2 -)~s 1 - i,! + 2 " 0 123 2 1"2--.7-9• 2-- - 2--4-2 1482 17 a 4030J g .3! __L) l~a 9 34 41,2 16 4918 t +OI 30.31*

?1-o26 0 . _ * 7. 2-1-5 -6 0 _. - - 0 6.2"÷ 1 4 5j 1 * 4,5. 6 L "2 1 1 4.2$ . . I -- 0 29.21 17 9 6S22.23+: 0 0 0 0 0 22,.+' 0 0 0 0 -- "Z4,26I . D " I .] 0 0 et2.23 0 0 D4 .2 1~ il +'.20,21 0 t2 0 + 0 a a 0 G 2.21 0 0 -0 0 2o.19 1 B. 12 0 0 a 0 0 -- "+0- 0 +'0 20,2"(1 0 • I- " -0 0 0 2614.11 .10 0 0 21 00 0l? O 0 O ll 0 0' 0
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"12 hourly movements of tropical cyclone centers (wind speed estimated >31 knots). I I i I I

S*Printed figure at the end of each bar represents
eed of movement (in knots) toward the indicated

direction.

(Centers moving toward the N had a mean peed of 5 knots.)

Direction frequency Bar represent percentage frequency of

.. o ,, centers th moved toward each direction. Each circle
"represents 20%.

I I ý - - (35% of off tropical cyclones moved toward th, NE.)
I Vector mean direction and spiedý Dot indicates mean vector
tmovement. Each circle equals 10 knots.

00 ,.q•'yn I -- -(Mean vector movement of all centers was toward 75"al 7 knots.)

/o0%7a i , -Statmsttcs for this rose ore based on 277 twelve hour S/////•movements.I

( ((( (( a -•50 individual storms were observed in the 5* X 5* area
I I~\ \ \.! during the period of record.

So 40 0 o '--Probability of having at least one tropical cyclone in *,is
In .4.n.n *po.d k.*nIl area in any given year for this month is 26%.
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TROPICAL CYCLONE
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_______SURFACE WINDS
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WIND DIRECTION AND SPEED
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WET BULB AND RELATIVE HUMIDITY
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___ ____WAVES (<1.5 AND <2.5 METERS)
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12 hourly movements of tropical cyclone centers (wind speed estimtoed t"3A knots). . . . . .
Mean speed. Printed figure at th end of each oar rprsenit

1ý& -moon speed of movement (in knots) toward the IndicatedSdirection,
("-- (Centers moving toward the N had a mean sped of 5 knot.)

1s "Direction freuency: Bars represent percentage frequency of

z enters thn tmovid toward each direction. Each circle

d 0 12\\ represents 20%.
Of4 I - - (35% of all tropical cyclones moved toward the NE)I

#$ I Victor mean direction and speed, Dot indicates mean vector
movement. Each circle equois 10 knots,

tiqvuntcyi , ' - - -eoan vector movement of all centers was toward 76at 7 knots.)
2e , 0% •--Statistics for this rose are based on 277 twelve hour

movements.
-50 Individual storms were observed in the 51 X 5 areaI\ \ \\ • • during the period of record.

30 40 20 2I ' Probability of having at least one tropical cyclone In this
vycit. ma.. spesd kn.tI) area in any given year for this month Is 26%.
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WIND DIRECTION AND SPEED
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SEA SURFACE TEMPERATURE
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HUMIDITY
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i 12 hourly mrvomenot of t.'pical cyclone centers (wind speed estimuted >34 knots).

Mean s,.ed, Printed Figure c.i the end of each bar represents
the moon sped of movement (in knot t,')wcrd tue indicated F
directioti. t Ne

"(Centoers moving towrd the N had a mmi sod of 5 knot.)

"Direction frequency ort re-,reownt percentage frequency of
Clitor% move toward each direction. Ench circle

( 12=, represents 20%.
0 (35% of all tropical cyclones moved toward the NE.)

It Vector mean direction an4 dsecsd Loc ;ndicates moon ve.tor
movemert. Each icl quals 10 knots.

tI. " r -(Moun vecdor movement of all ceoners was toward 7 5*'; 7 knots.)

40%20% .-- Statistics for this rose ore bused on 277 twelve ,1.ur
f277'\ movement.

'.02/ o50 Individual storm. were observed in the 5' X 5' urea
during the period of record.

S5 20 20 to - Probability of having at least ,non tropical cyclone in this
tc*u, .•.. ,�*.4d &,.,| area in any given year for this month is 26%.
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WIND DIRECTION AND SPEED
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66.7 16 7 * 0 22,23 i S 0 0 + I a 26,,11 7 "2 1 4 4 1 0 26.23 9 24 8 1 0 06.2 10 20 [ 7]1
14.66 2 + 0 0 20,20 0 0 0 0 0 24.26 * 2 1 + 0 22.23 0 0 0 .. 0 24.25 * 4 2 + 26-.21 4 2
,6.23 0 0 o0 6 o 0 6.2. 0 0 0 0 2,23 0 0 0 0 0 2.22 0 0 0 0 0 22.23 0 2 0 0 0 24.26
0.22 0 0 0 0 0 lll7 0 0" 0 0 0 20,21 0 0 0 0 0 16.19 0 0 0 0 0 tO.22 0 0 0 0 0 22.23 * 0 0 0

l62ll 0 0 0 0 0 14,11 0 0 0 0 26.26 0 0 0 0 0 16,17 0 0 a 0 0 0 0 .20.2_ 0 0 0
26.27 0 0 0q 0 0 22,23 0 0 0 0 0 21.21 0 0 0 0 01 24.16 0 0 01 0 a 1617 0 0 0 0 0 6,219 0 0 0 0
2,.2 , 0 0 0 0 0 .. , 0 0 0 0 0 24.25 0 0 0 0 0 22... 0 0 0 0 0 24.25 0 0,1O 0.21 0 0 0 D
20.23 0 0 0 0 0 I-N 0 0 0 0 0 22.23 0 0 "0 0 "4.22 0 0 0 01 12.13 0 0 0 0a 0 24.5 0 0 0 4

462 240 €S9 486 1016

WIND SPEED 2KT5) 2 • WINO SPEED4 (KT) 520 WIND SPEED (ITS) 2 1 WIND SPEED (20) 02 WMIND SPEED (24T() 23 WIND SPEE0D (210

2269 ICl 0-3 14-101114- 1112-33 .14 1 66 '132P 4-l -3 14.10012 112 -+ 6. 34 1 2TM60 C 1C 0-3 1-210 111-612t-33 .$4 TEMP? V'1 0.3 16.20 2 1-221 72.3ý .3. TER'0 I-C 0-3 14-10111-2122-3 234 2240I I'Cl 20- 4-20 11-2122-31

302.3 01 1 0 0 0 92.33 -1 . 0 010 30.3 0 )1 0 0 32,3 3i2 00 0 32.33 0 * 1 0 00 28.29 O. 0O

11.27 . 23 35 3 0 t.ls 116 5 - 0 26.27 1 2300 6 0 06. 6 0292 i 20 628.24 * I 1 0 0 04,25 - 4 3
14,66 * 724 2 0 6,2.2 2 34 24 I 0 24.25 7 11 4 2 06.27 16 20 0 0 2627 6 4 0 22.3 3 13 13 2

2, 00 14.26 21222 00 22.13 +2 * 0 24,6 2 2 2* 0 4.26 85 4 2 0 0,02217 22 N

2 1.6 0 1 0 0 0 0 230. 3 0 0 0 0 0 26.26 0 0 0 0 0 46 1 0 0 0 0 0.02 1 1 1 

.1 

2627 0 0,to.22 0 0 0 0 0O6.6 0 + 0 0 0 24.22 0 0 0 26.16 0 0 0 0 0 22.Z3 6 1"7 0 3 0 26.29 0 2 7i!ltoll O-2 0 O 0 0 211.11 0 6 a 0 5 18-12 0 0 0 0 0 10.21 0 0 O 01 0 2041t 1 t 1 16 !.17 0 + 0

262 4 0 0 1 0 12.26 0 0 0 0 4 26.17 0 0 0 a 0 2s.26 0 0 0 0 0 26.124 0 0 0 0 0 14.15 0 0 0 2

26.2 oi 0 0 0 0 16.17 0 0 a 0 0 2-.5 0 0 0 0 0 26.27 0 0) . 0 0 26.21 0 0 0 0 20 22.23 0 0 0 0l
12,3 0 0a 0 0 0 24.25 0 0 0 0 0 12.23 0 0 0 0 0 14.26 0 0 0 0 0 24.25 0 0 0 0 0 10,.2 0 0 0 23

2020 0 0 0 0 262L O _ 24.22 01 0 0 0 0 22.23 0 0l 011 0f 0 2.13 0 0 0 0 6.9 0 0 0 23

274 097 460 279 930

WIND SPEED 1KT5202 WIND SPEED 2KT2) 29 WIND SPEED (KT5030 WIND 32220 25702 1 ND SPEED [K'r] 32 WIND SPEED 2K2I0

20270 2 Cl 0-3 11-10022-52 22-33 .34 1 26 1432 ! -C. 04 6 2. 22 11t22.33 .34 2260 I-e 2 0-3 1-0122-2i22t-7 4.34 I 2260 V'C 2 .3 4.20o 22-21226-3` - 34 lim5102 C 0-3 14-4 22I -2222-3ý - 34 limp 'C2C U-3 4-20 22.62 2 136.21 04 * + 1 4 .27 0 .. * 0 0 2041, 0 1 0 0 2 26.29 0 * 0 I, 0 2a.22 + . + . 0 .. 200 0
64,23I t t 24.2 1 3 1 !2.26 0 al 2. * 6. 2 0 2 3 2 0 12.26 + 2 2 0 + 26.24 9 2
66.23 2 4 "7 4 2. 1 42 2 7 0 16.12 32 16 16 4 14.16 0 9 10 6 3 6.271 9 9 3 1 11.20 3 4
61.22 2 2S 56 8 1 20.13 2 10 20 6 t 14.12 4 12 22 4 0 22.13 1 9 2 2 6 14.16 2 15 1 6 8 3 4I.S 2 9 5 2 5
I 1,2 2 23 6 1 61.16 2 60 4 + I22.2 - 6 9 1 * 26.22 1 5 6 7 2 12.23 2 7 7 0 4 2 It-is 1 12 19
16.27 * 3 3 7 11,.7 * 2 31 2 0 0 0 0 0 .9 • • 1 * 2 o -. 01 -551 -I2.22 5 2 , 3
24,i6 . . . , 24.25 0 * * I * 0 6. 0 0 0 0 0 (6. 0 0 0 0 0 _. . * I L
22.291 0 0 0 0 22.2 0 0 0 0 0 64.1 0 0 0 00 4.5 0 0 0 0 0 f. 0 0 0 0 6,7 a , 0 0
24.22 0 0 0 0 0 29,22 0 0 0 0 2.6 o 0 0 6.3 0 0 0 0 0 4. 0 0 0 0 4.60 0 0 0

4.6 0 0 0 O 0 0 .6 0 0 0 C 0 2.3 O0 0! 0 0 • .0--0•, 0 0 0 0 1 0 .3 0 0 0 0 2.300 0 O
4.7 0 0 f 0 0 0 .7 0 0.0 -0.-I 0 0 0 ( ..0 0.2010 U 0 0 0 _

1867 685 209 648 - 08 1

WIND SP0ED (HIS) 8 7 WIND SPEED lKlb) 38 WIND SP0ED (KTS1 9 WIND SPEED (2I52 40 WIND 0PEED 02 I0 42 1 WIND SPEED (KrS) 4

229 '-CI 0-3 14.20220222-tf3 is I4 2060 Ie 1 6.3 6.4-111-112-434 'IMF P'C 2 0-3 4-210 221-22 22-3 &234 1500 I', o-43 14-2 22itI-62 62.3ý 4 im or4 .57 -, 4.-21 22-02122-33 -34 226EMPC 4-G 0-202.22.

26.26 0 01 00 26.22 + I I 22.12 0 - 0 0 6.6 a 0 3400
16.17 . 1 2 21 !.1 * 2.31 7 20.22 0 0 5 4 0 6.7 0 0 6 6 0 2.2 1 0 4 2 • 22, 11 1 920 ?
24.216 + 1 4 3 2 26.23 * 3 922 9 6.4 0 e ,,O 3 4.C 3 9 11 3 3 0,22 2222 20 96 1. 2 05

22.29 . 2 20 .2 1 6 2 25 27 6 2.3 7 3 21 1 0 ,.* 3 IS 3 2.7T0 - 3 I"20.2i 4 7 5 3 6.0 . 3 7 6 3 ..5 0 2 a 0 2 0.2 0 0 0 0 41.7 0 01 22 1 .0 0 a 2 1 0

.. * 3 8 .3 0 2 3 4 -2-I 0 0 0 0 4. 0 0 0 0 6.3 0 I 1 0
6 . 3 6 5 " 4_ 6,6 0 0 -* 2 0, 0 0 0 0 -4-0 o 0 0 0 0 2.3 0 0 0 0 0 .2 0 a0 a
4.6 1 2 2 * 2.5 0 0 0 + 0 -2- a a- 0 0 0 0 -.- 11 0 0 0 0 0 0.2 0 0 0 .2.- 0 0 a 0
2.3* 0 0 It 0,2 0 0 0 0 0 -'-7 0 0 -7 0 0.3
0.2 0 4 - 0 0.- 0 0 0 -0 0 0 0 0 0 0, 0 0 0 0 0 o -2.- -0 U 0 01 0 a.- 0 0 01

-.- I 0 0 0 0 -3 0 0 0 0 0 0 0 0 o 0 0--0" 0 0 0 a 0 -4-3 0 0 0 -6- 0 0 0 0

673 744 252 35 200

Graphs represent the objective compilation of available data for specified areas without
The isopl*t analyses (opposite page) are based on all available dato subjectively odius



.:RATURE SEPTEMBER

L- WIND SPEED (KT5) 4 WINO SPCEO (KTS1 WIND SPEED (KTS) WIND SPEtO FKT5I 7 WIND SPEED (KT51 WIND SPEED (XTS)

.1 I-Cl 0-3 1-10111-21122-31 3. TERI IKI 0-1 1.-10111-21 22-3ý 34 TERI 1- 1 0-3 Tenp (IT 0-3 J..10 111-21 22,3ý 3. 1 TERI 111 0-3 4-10111-1111112-311 -34 TIAP (-C) 0-3 1 -- 10 111-ft tl-3ý k 84

3z 0 0 32.33 0 -C 39.37 . 0 0 31.35 01 - 1 0 01 01 32.33 0 0 49.37 0 - 0 0
30.31 . 1 2 0 0 30.31 1 3 3 - 0 34.36 . 0 0 32.33 11 - 0 a 30.31 * 1 3 0 3446 - () 0
28129 1 FO -1 1 - _0 HC 2 9 A 29 34 4 0 32.33 . I I - 0 30.31 41 2 + 0 26.20 1 15 32 4 32.33 * + 0

IS
_,ý- " -A 27 30 0 26.27 1 8 9 2 0 30.31 2 6 6 1 29.29 3 261 12 + 0 21-27 1 11 23 4 30.31 1 7 3 - 0.

M25 1 3 2 0 21.25 0 - -3 -2# 20 -5 -23 -24 -3 26.27 4 7 15 1 24.25 1 1 - tells 9 35 17 1 0
11.23 0 -P 11.21 2 10 11 2 21.11 22M 0 0 0 1O.Z7 2 12 7 1

0

20.21 0 U 0 1) 0 20 -i-1 0 -0 0 a 0 24.25 . I 1 22-23. 0 + 0 go tz I __a __a -- 2 24.21 + I
11.10 0. 0, 0. 0, 0 16.19 0 0 0. M a 2 0 20.21 0 0 0 0 18.12 a 0 0. 0 t. I . .
mo 1 01 0 0 0 0 16.,7 1 20.21 0 0 D 0 0 11.19 0 0 0 0 a 10.17 0 0 a 0 0" 20.21 a 0 0 0
-lb 0 0 0 0 0 'a .1 i-1-0 1- 0 16.17 0 0 0 0 0 14116 1 01 0 0 0 0 14.1 01 01 0 0
,2.13 0 0 0 0 11.17 1 0 - 411-0.+-Ood 0 14-15 -0 -0 C) 0 0 It. 0 0 0 mo

971 597 5601 6554 44a3 5312

WIND SPEED (KT3) 13 WIND SPECO (MIS) 14 WIND SPEED (KTSI 15 WIND SPEED (KTSI 16 WIND SPEED (KIS) 17 WIND SPEED (KTSI 18

IF OCT U-3 4-10 11-21 It-33 134 TERI 111 0-3 11-10111-2122-33 31 TEN? (-C) 0-3 11-30111-2122-33 .14 1141 111 0-3 1.-10 11-21122-33 .31 TERP 111 0-3 14-10111-t]211-3ý.34 teO (-CI 0-3 14-10ILT-2112-+ 3, 1
-

20.31 91 01 + 11 011 -3--1 -0 0, 32.33 0 0 34, 35 0 30 .31 0 0 -0 30.111 0 + 0
MIS 0 304i 0 0 32,33 3 4ý-ql 0 3 - 0 20.29 0 1 1 1 0 Mto o 11 1
29-2;F -3 -22 -16 2 + 24.29 13 22 a 0 1011, 26,27 .

-i-O 
re.21 1 0 33 6 - 28027 + 3 17 9 + 

SI 29

4 1 0 2a.27 9 N 26,29 10 20 7 0 D 24IN6 _2 + 24.15 4 28 23 1 24 + 51 32 -10 +
22123 0 0 0 14.11 4 26,27 -4 20 Q 22*2!_ 0 1 1 + 0 22.23 0 . 6 4 tZ.t3 __Ct 1 1 2 0

ý_20.21 0 0 0 0 0 22.23 0 - 0 0 0 24.16 + 2 1 0 20.11 a 0 0 0 0 20.21 0 0 6 0 2-0.21 0 0 0 0 a[1109 0 0 0 -11-14 -0 0 0 0 0
0 01 0 0 90.21 a 0 0. 0. 0. 22,23 0 01 0 10.10 a -0 -0 0, tod#

is 17 0 0 0 0 a 18.19 0 a 0 0 0 20,21 0 0 2 11 -0 0 0 0 0 0 16.17 0 b 0 0 0 15-17 0 D 0 C 0
1'.15 -a 01 OH 16.17 0 0 01 01 0 16,19 0 0 0 60 0 14as 0 0 0 14.15 -0 0 0 a 0 14.16 0 0 0 0 0
it MT. 13 0 01 0 0 14 15 0 0 6 0 12.13 0 0 a a 0 12*13 0 0 0 U 12.13 0 0 0 a 0
10.11 0 of 0 1 (1 0 01 01 0 14.15 0 0 0 ID.1 1 0 0 171ý 0 0 0 a 0

IT. T I + D I m - a a 10.11
486 1016 430 440 612 393

WIND SPEED IRIS) 22 WIND SPEED [KTS) 23 WIND SPEED (KtSl 24 WIND GPEEO HUS) 0 15 14 IND SPEED (KTSI 26 WIND SPEED (KTS) 27

P 1%140-1 14-10111-21122-11 '1' '1"' "11 1-1 1-11111-11 11-1ý 11 TERI 111 .3. 11 111 0-3 4-IjO 1!-21122-34.34 TERI OCI 0-3 14-10111-212MA.34 TIMP I-C) 0.3 1 4.10 111-21 zt-14. 3401 22.23 0 24,26 0 0 0 21,2732 1 0 0 D 32.33 0 01 0 2a.2v 0 + 0 1 0 0 1
50.31 1 _4 2 + U jo%91 a Hall + 0 0 20.21 1 0 7 2243 1 5 + 1 2 0 01
2-6--to 5 9 15 2 0 91.29 1 1 0 0 24m26 . 3 - 0 Tells 6 22 20 2 0 20.11 2 16 17 5 0 211.113 4 12
26.27 1 161 2D i a 2647 6 4 - 21-11 3 -iI 13 It'll 1 8 0 A 1 11-10 3 14 21 r, 7 toltl 3 19 1? 3

22 0 0 0 0 22.23 6 17 9. 3 0 19.19 0 2 7 1 + It.13 0 0 0 0 0 14.16 0 0 0 0 D 19.17 D 0 1 . 0

[74.26 + _ 2 1 + 0 24.26 0 26 14 1 0 10.21 1 17 22 8 1 14.15 0 -0 
0 10.11 0 1 4 -1 -0 1- 9 -11 1 11 12

-ti 0 0 a D C) 20.21 is 11 0 0 a 0 0 0 0 0 0 a 0 0 0 0i7 q- 0 0 0 12.13 14.157 1. --- 2 0 0 0 0 0 0 0 0 14.15 , 0 0 0ý 0 0 1.9 01 0 0 0 10,11 0 0 0 0 0 12.13 a 0 0 0 10
14.17 0 0 0 01 1) 111-11 0 0 0 0 0 12-13 1 0 o ol 0 0 0.1 i 60 a 0 -0 -0 -0 to-11 0 0 0 0 01

0 1 01 01 0 0 0 6--l 0 a 0 0 0 8.9 0! 0! _q0 
0 

111 
a] 

a] 
14 15 

0 
0 

0 
0 

.1,12:13 

1 0 
0 

2.3 

1 ol 

4.5 
a 

01

It-13 0 0 0 L-2iý 0 11 -- a _ 4.7 01 01 0
Z79 901 540 119 661 413

WIND SPEED IRIS) 31 WIND SPEED (KTS) 32 WIND SPEED IKT5) 33 WIND SPEED IKTSI 34 WIND SPEED (KTSI 35 WIND SPEED (KTS) 36

-C, 1 0.3 4.3011141192-34. 34 1 Em, 111 0-3 -10111-211!2-3ý.34 0-3 14- D 11-11 Zt-3 . 34 IIAP OCI 0-3 1-11) lemp IT 0.3 4-10111-tilft-34-34 TEN' 111 0-3 4-10111411tt-34.31

16.17 0 1 3 1 0 15.19 ZI 2 0 . It'll . I . . 0 tail 1 1 2 - 0 !0.11 1 0 1 + 0 18,17 1 1 1 1 1
0 5 10 6 3 -1-11 1 9 9 3 1 16.17 + 3 4 1 18.19 1 6 13 4 1 1 IT 1@ 1 3 7 1 - 14:11 1 2 3 3

11 ' .13 1 9 20 12 6 1--15 2 lb 18 F3 3 14.15 2 9 15 5 1 16.17 1 11 IS 1 2 16.17 3 18 21 4 1 It.13 1 3 9 5 1
-F-- - - 4 1 12 19 7 5 -2 -7 -1 r -4 -2 - 14 15 1 -13 14 6--1 4 12-7 2 --13 1 7 10 1 12.13 14 i is 10.11 +

1 2 0 1_ 10 # 11 1 12.13 ----3 -2--- 1 1 1 2.9 1 2 9 9 2
01 9.9 + + I 1 0 ITT

- L" 0--q CI 1 0, 0 10.11 0 0 0 -0 0 4.7

[4.5 0 0 C 0 6.1 0 0 0 0. 8.7- 0 0 0 0 0 a's 0. 0 - C, J 6.9 0 0 0 0 0 4.5 + I

1 0 0 0 ..5 01 0 0 0 0 4.1 a 0 a 0 0 S*7 111 0 1 U 4.7 0 0 H 2.3 DI 0 0 00N -

01 1 01 0 0 0, 0 -. 5 0 4.5 0 1 0 a 0 0.1 , Ol 0 a 0 0Oi Di ý2 ý4 HOO 0.11 11, 0. -1.-1 1 nI III 111 0[ 00 0 0 0 0 01 01 01 01 01
640 608 1665 Sell 490 GIs

WIND SPEED (KTSI 40 WIND SPEED (KT5) 4 1 WIND SPEED (KTS) 42 WIND SPEED IKT5) 43 WIND SPEED (KTS) 44 WIND SPEED IN76) 45

11C. 0-3 1-1011 141121!-Iý . J4 It., 1-11 0-1 4-10 it 21 Z2.13 3. TERI 111 0-1 14-10111-titil-+ 34 1 TERI 111 9-3 14-10111-1122-ji.34 11 ER, I.C. 0.3 It- 1-11 .-3 1 1-0 111 -21 119-33ý 04
8.4 0 6 ... 'b- 0 0 a -. C IT.19 0 31 5 4 21 19.13 2 21 7 6 1 C, 0 3 0

0 6ý 3
29 14 4 4.5 q 7 7 3 0 10 1112-13 0 4 13 2 1 50.11 1 6 20 7 0 10.11 1 1 01 4 7 0I U 0

S
0

041

4.5 3 9 1 3 3 10-11, 1 12 26 9 6 1.9 1 9 16 9 3 9.9 2 4 11 6 1 2.3 0 3 3; ; 0 1 *71 20 20 0
2.3 0 3 .4 5-6 . 3 -- 12 3 2 - 4.7 0 1 3 1 3 6.7 0 0 2 1 2 0.1 0 3 17 0 0 6,7 0 11 18 7 3
0.1 a 0 0 C) a 6.7 0 0 1 2 1 4.5 0 0 1 0 4 4.5 0 a a 0 0 -2-11111 0 0 17 0 44 1 0 0 1 0

-7-1 0 0 0 0 0 0 1.2 0 1 1 ZJ 0 0 0 0- 0 -4..3 0 0 a 0 0 1.3 0 0 3 0 0

0

4-3 0 0 a -I -C 0 -6 -061 -06 0 a 0 0 a 0
- - --- q ---- 011 0 0 D 0 0 0 0 G 0 0 -8-6 0.1

-0 - 0 -0 D 0. 0 0 0 0 0 0 a 0 0 0 0 a 0 0 0 -6-7 U 0 0 0 01 0 a 0 0 0
:@.-1 0 0 0 -Z:-I- 1 -1- 0 0 1 .... 1

- - -1 0 L -0 
0 -2.

10-9 1) -2 A 0 0 U
0 0 0ýý 

I. -- p -pt-- 0! 111 2 - --. Q -Ji
- r, - 6-1 --IF a 01 0

205 ITI 133 30 76

ive compilation of available data for specified areas Without regard to Suspected biosesý
Sit* page) are based on all available date subjectively adjusted where bias was evident, 231
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WIND SPEED AND AIR TEMPERATURE

6. WIND SPEED IKTS) NINO SPEEO'(KTS) 2 MIND SPEED (KTSI 3 WIND SPEED (KTS) 4 WIND SPEED (KTS) WIND SPEED IKTSI 6
Yaw "Ci 0-1 TEN .-C) 0.3 1.-10111-13 11-14- 14 T9V I-Cl 0-1 14-10111-11 It-34. 14 1 T10 I-Cl 0-3 1 IýIDJIJ-tl 11-142 34 1 TCMP I-Cl 0-1 1.-10111-1111!1-14.34 1 Yaw (-C 1 0-9 14- 10 111 -t 191 -34. 3. 1

34.27 1 - 1 01 0 34.56 q 31.33 01 0 12.31 -1 0 0 31,98 . 11 - 0 0 34.37 + a 0
34 i st 32.31 0 30%11 + + 0 300-1 4 30.31 2 8 2 . 01 34.36 . a 03t.33 2 4 1 . + If IBM 4 24 10 . 31.13

30.31 2 4 1 + 20.19 6 _2 14-11 10 -36 16
Him 13 21 6 - -1 a ---1119 ]a 1 1- 0 -1? -18 39 10 + - ti-111 10 31 10 - 0 1- 0 -V -3 13 -7 -1 30 t3l 2 0 4 + 0
il.te L3 a 2d Is 2 +

-L4 9 . 1637 1 7 20 16 - 1 14.96 5 a 2 . . -14.16 1 2 . . 0 E456 + 1 0 2140
I 

if --E? -3 13 14

gotil? 24.16 + 1 3 3 1 tr.93 + a 0 0 11.11 a 0 0 0 0 a 0 0 0
94.16 0 ft.13 0 . . , . Iml - 0 0 a 10.91 a a 6-0-0 -20-11 0 a a 0 a 14.15 . I I
1l.t3 0 0 0 0 10.91 + a -. . , - 11.11 0 0 0 0 0 11.11 0. 0 a 19.19 0 0 0 a 01 11.13 0

+ -a a a 0 0 0 U1 0 a a -a 0 5 ý 0 of
leat a 0 0 a 0 11 117is- -a 16.17 16.17 1 0 0 0, a 11.11 0 14.11

- D 14,11 1 0 0 U a D of 0 0 14.15 - -Is 11 0 0 01 0 01 14.15 0 Of a 0 0 0 11.11 Of 0 of or
61 , W O O H 11.13 1 0 - - i 0 _ It.13 I Of -01- 111 01 11 16.17 1 C) 0 111 111 111
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law 00 0-1 A-10111-11111-14 34 111111 1 -C 1 0-3 TIVI I-C1 0-3 1.-10111-11111-14 h 34 1 YEW I-C) 0-3 'law I-C) 0-3 4-t0jII-1Ijtt-13 .14 1 FEW PCI 0-3 J.-I61.14111-33 A 34

91.3, . 11 a[ Of 0 20.01 +1 Of 1 01 0 3t.93 0 01 - 01 01 31.33 0 11 0 01 0 10.21 2 2 1 . 0 14.36 1 0 0 01
30.31 4 5 . 01 0 t9-11 . 4 14 2 1 a 10.81 41 1 - 0 30,31 2 _L 2 0 0 t8-19 14 20 0 1 0 311.13 6 - 0 0
11-11 24 7 6 - 16-27 11 44 11 - a R1,111 4 27 10 -1 0 19.29 4 27 15 1 0 11,17 12 26 6 1 0 30.31 3 14 3 0 0
11.17 5 12 t4.10 1 5 7 -- -a -E# 37 4 26 1-0 .1 0 1147 2 5 -1 -3 2 10,11 9 3 0 a 1)
1-4-91 1 . 0 0 falls a a a a -14 -16 0 -3 3 0 It.13 0 0 0 2- 0 -t 1 -4 11 2 0 011.13 0 a 0 1641 0 0 0 a . I D 0 0 0 0 a 10.11 a a 0 0 0 1 0 . 0still 0 D 0 -Ifts 

16-25 -- R1041 0 a a a a 16.10 0 0 0 0 0 to-11 0 a 0 0 to.11 a a a a F - 10-11 a a 0 a a -1t.13 a 0 0 a a
18.18 . 0 0 0 a 0 Is']? 0 0 0 a 11.19 a a a 0 a 16.11 0 0 0 0 0. Is, 0 a a 0 110,11 0 0 0..17 1411# 0 0 a 0 0 M17 . I,0--R--A a a a a -11-17 a a a a 01 a 0 0 - lo-18 0 0 0 0

D 0 0
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WIND SPEED IKTIIJ 19 WIND SPEED INTO) 20 WIND SPEED IKTS) 2 1 WIND SPEED IKTS) 2 2 WIND SPEED IXTS) 23 WIND SPEED (KTSI 24
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st.117 0 31.11 * I I I + . 0 MY$ 01 + I + 0 0 34.85 1 of 0 of- of 31.30 of 01 , 01 a] 90,111 -1 +1 + of 01
ii,53 -I -a a 1 10,11 11 21 1. a 0 SCAL a I I + 0 a K.11 3 31 + 01 a 80.31 - 1 11 1 . a 90.27 4 11 - -- -a
12.19 3 20 9 0 a 21,11 11 201 7 . 0 11.19 2 jai 111 2 -6 1110.31 -3 a 21,20 11 41 2" -a 14,11

, -- - I -- i -- ý 0 2 91 7 1 0
te'll 3 34 IT -a 2 12 301 1 13 + 0 18,17 21 1=1 $ -6 -23 12 3 0 22.27 4 151 12 2 0 21,12 3 181 21 6 0-- t -L9 -Lo- -- A D

-I -a a 1 1 1 l", I 1 6 -+ -1T-W -4 a$- -16 -1 -0 1=1 -4 1 1 -2 20-91 10 5 +
-a -- -a -0 0 + + 0-1 -a 2 -a 3 18.11

0 0 0 0 a a 0 0 a =011
to-1, - - 90.11 - --- 0 -.i -M-11 -- a-S 0 0 a 1031 a 1-6-17 a
Is-IT a a a a a 18.11 0 0 a 0 0 IN-19 0 a 0- a a rooll a 0 0 0 19.11 0 14.16 a
14,17 1 0 0 a 0 1 i717- - 0 11.19 a 3 -0 -0 -a 11.12-0 2 a 16611 __q 0 - - 0-0. a 0 0 0
14.10 1 0 01 a] Of 01 14.16 a a a 0 0 14 Is 0 0 a 0 0 16.17 0 -a -a -d 14.15 0 10.11 0
11.11 1 01 0 01 of 01 11.13 0 0 a a 11ý13 a -a - Y. Is -0 1-1. - -0 - 0.9 -0

347 661 $16 274 973 851

WIND SPEED IKTS) 2 8 WIND SPEED MS) 2 9 WIND SPEED fK78) 3 U WIND SPEED [KI51 3 1 WIND SPEED (KTS) 32 WIND SPEED IMTS) 3 3

limp I-C) 0-3 400111-211tt-24. 14 law MY 0-8 14-10 11-111tt-sý. 34 1 TIN I -C 1 0.1 14-60111-ft it-II '24 FEW I-CI 0-8 4-10111-1111111-1ý.34 1 110 I-Cl_ 0-3 4-10111-11111-81ý.84 YEW MY 0-0 14-10111-11111-14. 8. 1 ll

11.11? + 1141 0 0 + Itt!J-i a 0 . 0 -R -A It.18 0 - I - 01 0 10-11 01 + 1 0 -1 0.
MIS I F 1 4 1 - 0 if 1 1 2 0 0 16.17 0 2 3 2 1 10.11 11 - - 1 0 to.$$
iti, I a it 5 1 94.12 1 3 7 2 a 1638 1 7 a 1 0 I4-k5 2 1 13 0 1 11.19 4 -4 1 0 14111 1 51 5 21
10-11 =11 -10 -0 -2 1-1-13 8 15 6 1' 1-1-17 4 17 Is -4 -- 1-1-13 -1 7T -20 10,13 7 2 12 16 4 - 14.16 2 131 16 61 1__flT. _j ". s13 14 

1 4 __z -+ 
14, It _L2 is 7 1 111.13
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1151 a -- I -- q -.- a -- 1 0 0 0 0.1 a a 0. a 0.9. a a - 0.7

0 0 a -- A --- 1 11.11 -- A 0 0 a 0 6.1 0 0 0 t-S 0 a a 0 a 6.7 a a a a 0 0 a a - a a
10.11 01 4rg 0, a.; al 01 01 of 0 4.6- 0 0 a a a 0

5.71 Cl 91 0 a 0 9.11 01 a] 1 01 1'. ni 0 a 0 a to DH O 0 --1 0 __ U 0 a
2128 920 270 431 021 025

WIND SPEED I KTS) 3 7 WIND IPKEQ IKTBI 38 WIND SPEED (KTO) 3 9 WIND SPEED I KIS) 4 0 WIND SPEED IKTSI 4 1 WIND 15PE10 INTO) 42
YEW I-C) 0-1 4.10111-11 ra-24. 14 1 Flo i-C) 0.1 14-10111-1112-14. 84 1 Taw I-Cl 0-114-10111-Ilfg-84614 1 FEW I-Cl 0-s 14-10111-111g-jý.%41 'IV I-Cl 0-3 law oc) 0.1 .0 114119-as 114 tt

4 till@ 0 0 0 - 0 11.12 0 a I 1 10,11 a 2 0 0 0 14.11 a 1 2.--!--! iall? 0 0 0
16.11 IsAt I 1 10111 0 4 0 5 - 610 -2 -a - - - 11ol a T

+ - - 2 -- A -A -- L -LI
14.11 0 1 7 7 4 8.0 _L0 9 7 C7 0 10 a is 10411 0 13 7 9 2 It'll I 1 0 5 1

11.13 1 2 8 4 2 11.19 1 2 a 10 9 0 -3 44 2 2 IA @-'I -1,-1 -7 11 -3
10.11 1 2 9 a 3 10-11 1 3 6 7 4 4.1 2 0 11 2 1.8 a 2 12 4 0 6.7 0 0 + 1 0 7 13 3

If a a a a a a

-- 0 -- F -2 T. -1 --T a -T -- t-,r -a -a -3 3 0 0 0 0' 0 a 0 2 Mi13 0

0

3 a 5 3 0,7 0 + = 2 -2 0.1 0 0 0 0 1 a 0 0 0 0 t's a -a 0-7 a !4.1 0 0 2
4.1 1 2 2 2 I's a a a . I a -1 0 0 0 0 a a .0 a 0 0 0 a
tJ 7-0 '-a -- 0 fis 0 - -0 r-O -a -0 -0 1 81 61

a a -4. 0 a a a a -a a I. I a a 0 0 0
4.1 a 0.1 gj 01 0 0 a -$..$ 01 Of 0 Or-O 01 0 0 .- 1 0 04-1 d. 2 i 4.4 1 01 0 01 0 0 0 0 0 0
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Groeh represent the objective compilation of available data for.sWecifled areas without roola

The isoploll analyses (opposite page) or* based on all available data subjectively adjUlt9d 'A
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1 I1NO SPEEDJ IKTS) 4 WIlND SPEED lKTSJ 5 WIND SPEED IKTS1 6 WING S5PEED IKMS 7 WIND SPEED (Kt8) 8 WIND SPEED (KIII

11 I-C 0-3 1,1 011-11-1 a ] 3 a 1 tam •C 0. 1. i .,3 0- 1 0- ,011tll-4 34 19 ,1F I- + 0- ?CA Il0*,l 0- 1 +- OIII 0t31 I "Tm' I I 0 0

3 0., I I 1 1 • l - • , 3 1 2 6, 2 11 60 34 . 3 5 . . I . 0 1 0 - , -3 + H AS0] o , + -- . J * 0 - - . .., 1 +
to41 4 24 10 0 1 ( 10 35 15 + I I - 0 10,' 1' + 2 2|S +I |' 0 0

"18.17 10 31 10 a 111197 3 is 7 1 + 30.31 P 6' 4 0 Il Met 1 4 0 ,- - lU-28 19 0 2 - 3,1 2 6 . '
14.ti do•1. + t, 0 + 1 0 11114tO 8 24 10 2 to,l |6.2 14 i 0 I~? 2 1J 3 0 I.ii 13 29 O]
It~| O 0 O 0 l~l 0 0 0 0 a lt 14 3 14t 14,11 3 2 1 to-17 1 ,

aOi l 0 0 20-11 a 0 0 0 0 V4,11' Me 0+ + +11 0 . . . M 'is"s + - + 0 '14.16 1 2 1.

11I.1I 0 0 0 0 a l.111l 0 0 ( 0 0 ft a 0 1-.4. 0 10.1 0 0 0 0 0 11.1 0 - -+ a1
16,.1 a i-- 7 I 0 0 0 0• 14,1l a 0 0 a0 o1 0 -1 11.19 a 0 0 .a -0 ' 11.11 0 0- 0 so,#[ 0 . 1

1t1J 0 0 0 0 0 1fl - • 0 0 0 ( 11.1?, - Oý I a 16,17" 0 a 141 0 a• 041= 0 0 M -0 a|o| of 0 • [ 0

0 O12 740 UP8 7/920 471)1 5309

WIND SPEED IKTS) ] 3 WIND SPEED INTO) 1 4 WIND SPEED (IKTV) 15 WIND SPEED 1KTS1 WI MND SPEED (111 ) 1 7 WIND 1PIEDO 11 T8 18

0o1 2 0 0 '11,11 '14 20 6 1 a 3ll) < + 5 01 a II.1I + 2 6 1 0 o M * 1 3 2 + 19.1 +I 1 21 8 4 0
"1'l.19 4 21 15 1 7 1447? 12 20 W 1 - 0 3041 ' 3 14 3 01 0 2l.l7 21 14 41 6 ÷0 4 8 3 1 t11 - 1 81 30 a I,
P11,17 ' 22 is 1 5 t, -t 14. 3 2 - f elt$i 9 3 1 8 01 o 14o.1 11 15 3 I 14,1 +'1514.ll . -L 2 9

-0;•l O te o l 42 + 0 -0 -0 1l.- i-9 11t 0.1te1 -• 1 . 0! Has+I 0 4 2 1 0
22,el a 0 1 e e.11 O 0 O 0 0 a ill 1 O0 I,t1 0 0 0 a0 1 ;0.-11~e ÷ (

_. 0fI 0I 0 0 0 0 I~IJ 0 0 0 0 0 I~S 0 O O 0 O0O II 0 a + 0o
211 l 0 • O -] OJ I~? • 0 0 a 00 -IIS 0 0 0 0.1I l0 0 0 11.1 0 _-2I 0 0 -Xis? - 0Is 0
18.11 0J _o Ol oL 0 14.17 0 0 0 a0 0 MII i a .='Oa 0 0 0 r 6.1 a4l 0 r 0 a 0 1 0* |41 0 0 161 0 0
16.1 "-7 '-0 L QJ ld 0 0 0 0 14.16J ( 0 0 0 0 14.1[ O 0 a 0 14 -T 0 a thsa 0 0 0 ("'[-:]| 0 0 0 -[[ IOli 1 O 0 0 0 14.19 a ) 0 0 r OIi O 0 0 0 •. Oi 0 0 __ -- 2 __

326 "730 437 2 7

WIND SPEEDIP KTS) 22• WIND SPEED: 111 8 23 WIND SPEED INTO) 24 WIND SPIED 1KT 6 W5 IND SIPElED KTS} 26 WIND SPEED INTO) 2 '7

341,1 11 01 01 0 0 31.3s 0 OI + a 0 19.t 6t *i 0 0 40 ' ell 1. lI
3t.33 31 1 + 02 1 -L~l * 0 I1,17 . I + 0 Mo 3 1 0 t f 2 a I - 0 141 1 1 0 0
304|1 IT - 51 4 - 01 1 2 • 0 l~l , 8 ? | 0 IOl 1 • • Ol D 2

111 a 2i a• a 10., I 1. 4 2O -• 0 91445 2l |9 7 1 I I.il 5 17 110.1 Illl 1 its1 |-1
1•1,16~~ ~~ T 1•* ÷ 0 IIl 4 it 3 1 II ' 23 3 0 , 1.l f iI

t,13 1 6 0 0 Itt 1Ol " a _2 .1 - . I+,' _' .- 0 -- T!ý"3 "• IT a b a I|.15 0 0 D 0 I 4 1
20.93 6 0 0 a Il 0 F-21 0 0 1 19,.1 0 0 0 0 0 I tli 0 0• 0 0 0 " toIt 0 0 0 0 0.(F] - 0 -

20.11 0~ 0 0 0 0 isitl 0 {, 0 0 0 N.1a -0 -a 0 -0 -a - l,i 0 0 a a 10.I1l 0 •0. 141

al 0 o , o .- 7 a (3 0 0L 0 stlls 0 A• 0 a 6 4 01 --a 0 a 0 41. 0 0 01 Ti 0 0. /

27/4 97/3 051 195 Bill 447

WIJND SPEED (iK731 3 1 WIND SPEEiD (KTS) 32 WIND SPEED il(TS) 33 WIND SPE.ED (KY ) 34 WIND SPEED 1K8 3 5 IND SPEED [IIKT11 )3

16,1i * ÷1 +1 l l 01f*aL.2 0 +1 + II Z "gods 01 . 0 -1 01 *IS .1 • 4. Ml 11 + 0 ;01 61 1 01 1
1.17, 01 21 31 2I 1 +o, .+ G + 102 1 1,• 101 a: 11 1- -,,, 191 a I I I
14.15 L _z12 3 -A I• i 18 IIII 4 4 s 0 IM.J 2 11 4 Ill 1 2tI 2A 1 21 0.1.1 1 4 21 4-v

le,•j IJ O 1• l.• 12 is +• 2 13J 16 6 1 29~l 20 71 -L3 +
io011 1 4• [ T% 3 1ois |2 12 1 "} 1 It 18 2 12 14 5 1 14.18 . 5 6 2 1 2 011 4 1

4i.1l 0 el O .I a, 1t.1 1 5 4 -1 - mso'l - 2 3 3 1 1t• +] iti - + + -0
_4' 6 o -- a a ] O ~ 0 '01. 0 0a 0 8, 7 O' ) 0 0 ~ 0 aQ -'90 0 10

0.1• 0 H , 20 2 0 0 0 t,3 o a 5 - 01 0 a 0 0 0 ;4 o a a a
4 31 0• 01| a2 41 r 10 l Oca i 5 M
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WIND 'PEEO IKT5) 40 IND SPEED) 11S 4 1 WND SPEE 1(ta 42TS WIND SPEED (IM8 43 IND SPEED {NT8I 44 IND SPEED tKT8 4
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SEA SURFACE TEMPERATURE
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12 hourly movements of tropical cyclone centers (wind speed estimated 3'34 knots].

Mean soeed: Printed figure at the end of each bar represents
~e-mean speeJd of movement (in knots) toward the indicated

direction.

"- • - (Centers moving toward thre N had a mean speed of 5 knots.)
is

Direction Ireuncy: Bars represent percentage frequency of"1, centers that movf toward each direction. Each circle

050 e i' represents 20%.

25 i -26 (3/5% of all tropical cyclones moved towurd the NE.)

9 I Vector mean direction and speed: Dot indicntes mean vector
t movement. Each circle equals 10 knots.

600% .I . * - -(Mean vector movement of all centers was toward 75at 7 knots.)
80%n 20 - -Statistics for this rose are based on 277 twelve hour

1 7"( 7'! (i\ movements.

- 50 individual storms were observed in the 5' ;' S* area
S \x . / during the period of record.

40 ,0 Probability of having at least one tropical cyclone in this
Ivectef nos. ips.g k-ul1j area in any given year for this month is 2b%.
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12 hourly, movements of tropical cyclone centers (wind speed estimated •34 knots).

Men•el Printed figure at the end o
1 

each hor represents
th e'•--mean speed of movement (in knots) toward the indicated
direction.

(Centers movini toward the N had a mnan speed of 5 knots.)

rctiorn jrenLuenc, Bars represent percentage frequency of
1 centers that moved toward each direction. Each circle

0\0 represents 20%.

026" - (35% of all tropical cyclones moved toward the NE.)

I Vector mean direction and speed: Dot indicates mean vector
movement. Each circle eqsoU I 10 knots.

tt,.vvnrsrt~ • - -- Mean vector Movement of all centers was toward 75-at 7 knots.)
s%0(0% - -Statistics for this rose are based on 277 twelve hour

( ([ (( ) . - 50 individnal itorms were observed in the 5' X 5 area\ \ \ \\ \•0 during the period of rpcord.

"0 40 3 0 " - Probability of having at least one tropical cyclone in this
1-0 . ... .a, .. d h,,1.t area in any given year for this month is 26%.
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SURFACE AIR TEMPERATURE
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SURFACE AIR TEMPERATURE
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WIND SPEED AND AIR TEMPERATURE
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33i31 - 2 2 D 0 30.31 2 1 I 0 34.35 0 * * 0 0 32.33 * . o 0 o 32. 83.... 0 303, 2 * 0 0
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gjective compilation of available data for specified areas without regard to suspected biases.
'pposite poge) ofe based an oll available data subiectively adjusted where bias was evident. 287
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SEA SURFACE TEMPERATURE
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SEA SURFACE TEMPERATURE
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__ HUMIDITY
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CLOUD COVER
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WAVES (<1.5 AND <2.5 METERS)
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WAVE DIRECTION AND HEIGHT
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12 hourly movements oF tropical cyclone centers (wind spend estimated Z34 knots).
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t seed of movement (in knots) toward the indicated

direction.

- (Centers moving toward the N had a mean speed of 5 kn•t,.)
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S"Direction frequency, Bars represent percentage Frequency of
centers Ia moved toward each direction. Each circle

277 0 represent, 20%.

o~ " (35% of all tropical cyclones moved toward lhe NE.)

1 Vector mean direction and ,peed, Dot indic-tts neon vector
k movement. Each circle equals 10 knots.

" I- -(Mean vector movement of oil centers was toward 76*ut 7 knots.).100% IO
8016n -Statistics for this rose are based on 277 twelve hour

(/I'i,/~~~7~A\ oemnts.
|ii | 0,3.•-=50 individual storms were observed in the 5' X 5' area

\ \ t \ \ during the period of record.
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WIND SPEED AND AIR TEMPERATURE
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CEILING AND VISIBILITY
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12 hourly movements of tropical cyclone centers (wind speed estimated _Ž34 knots].

,Woue..: Printed figure at the end of each bar represents
t ea d of movement (in knots) toward the indicated
direction.

"- - - (Centers moving toward the N had a mean spood of 5 knots.)

"' , Direction frequenc: Bars represent percentage frequency of
\ centers loat moved toward each direction. Each circle

27?o e• • represents 20%.
I -I - - (35% of all tropical cyclones moved toward the NE.)

,/9 1 Vector mean direction and speed: Dot indicates mean vector
movement. Each circle equals 10 knots.

100% tIf...... - - (Mean sector movement of all centers was toward 7Vnat 7 knots.]

10% ý 20% -- Statistics for this rose are based on 277 twelve hour
277 move.entls.

-50 individual storms were observed in the 5n X 5r area
during she period of record.

0 n 20 20 •- Probability of having at least one tropical cyclone in thisP.4* ~e **d k....) area in any given year for this month it 26%.
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TROPICAL CYCLONE
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FIG. 1 JANUARY_(NORTHEAST MONSOON) SURFACEC
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EAST MONSOON) SURFACE CURRENTS
,MH !)11 lll llI124 ]11W -l ;l tl 1,I I] I.¢

T --irrflrTT.!-i1-.F-[-T T-Fr..J- .Yr- TT.=T-r T T -T IV -M1 r /-I -

1.5 MEAN DIRECTION OF PREVAILING

.0 CURRENT

,- . 0- _ MEAN CURRENT SPElD IN KNOTS

-- *. -~ PROBABLE CURRENT DIRECTION.6 *, 6'.J INSUFFICIENT DATA)

0 PROBABLE CUIRENT SPEED lINSUF-

EURRENTS ARE

~~"I 1001'J\N L..J E SO NANMTELY TIDAL 15EE FIG. 5)

--

0.-6 
S • , 

-

S0 .6 ----I - • 0.O

S ._.. - --- w--- -•

339

---- -•= ll • lll / mpmlil . . . .. .Illlll ll • !inl .... . ...l I I I I I ii• • im~ l. !,•#IreI



FIG. 2. APRIL (TRANSITION) SURFACE CURRENTS_
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DN)_SURFACE CURRENTS __ _ _ _ _ _ _ _ _ _ _ _
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FIG. 3 JULY (SOUTHWEST MONSOON) SURFACE CURRENT.
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EST MONSOON) SURFACE CURRENTS
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FIG. 4 OCTOBER (TRANSITION) SURFACE CURRENTS
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ITION) SURFACE CURRENTS
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FIG. 5 TIDAL CURRENTS PERSIAN GULF AND TORRES S
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PERSIAN GULF AND TORRES STRAIT
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FIG. 6 TYPES OF TIDES AND LOCATIONS OF TYPICAL TIDE
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AND LOCATIONS OF TYPICAL TIDE CURVES
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7 TIDE PROGRESSION HAVE TIDE CHARACTERISTICS SIMI-
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•.•11 NCII STATION RANGES MAY VARY SIGNIFICANTLY.
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FIG. 6 TYPES OF TIDES AND LOCATIONS OF TYPICAL TIl
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kND LOCATIONS OF TYPICAL TIDE CURVES (Cont'd.)
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FIG. 7 TYPICAL TIDE CURVES

L ~(SEE FIG- 6 FOR LOCATION OF TIDE CURVES)
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FIG. 8 TIDE RANGES _____
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FIG. 9 ICE CONDITIONS
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. ,,. ESTIMATED MAXIMUM NORTH. IeSTIMATID MAXIMUM NORTHWARD

/ - WARD EXTENT OF ICRIER03 EXTENT OF SEA ICE IN CONCENTRA.

I PEIIUA.)Y TIONS GREATER THAN 1/10 DURINO

,/ .' iMAY THE MONTHS OF JULY, AUGUST,

I I *r" R*OO AUGUST AND NOVEMBER. IN ALL OTHER

N OVEMBERMONTHS SEA ICE DOE NOT NOR.

* - ' 1 ""-, NOVEMEER MALLY EXTEND NORTH Of 5305,

"I .. ] �K.. EXCEPTIONAL ORSERVATIONS

I Or ICEBERGS NEARLY ALL ICEBERGS PRESENT IN THIS ARIA

I 1( . 16 JANUARY 1929 At ORIGINATE IN ANTARCTICA. SOME EMALL
I' . ., . 36-3,' 9, 25-03'E ICEnREGS ARE CALVED BY OLACIRES ON IlE

5 " 1 j 2. JUNE 189S PROM KERGUELEN IAPPAOSIMATELY 50-6, 70-11 RUT
" ""-. ~ , - -" 1 ST. PAUL ISLAND THEY 09INEALLY REMAIN CLOSE TO THE IS.

11. . "3. 29 JANUARY 1920 AT LAND. SMALL AMOUNTS OF SEA ICE MAY I

3$,S l l', I29-511' ALSO FOEM NEAR THE ISLAND.

" N" "' " " " "; . . I ; I i I . . . I I [ I

I.. , * / t° Io

% %I

I 0 -

(7 , _ _. - , ,
I [ ' I. " III. l

' I , 5 1, ") .r( ,:, .

. .tl. * 'I

-. ,;.

, - -" . -' .•/

i~eo oee eo~e lee eee e Oo e~lllllllo lle elllll , 6• "

dl• --e'• m ''ll '- • •-,• -- O~ e o " .* I .

S*0.

;Il! l II., Ill 1 9 t:I 'I I III I:• ,II 1, I ,- 1 I ' I, l)


